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Assistant Commissioner 
of Patents 

Washington, D.C. 20231 
Sir: 

I, Barrie W. Bycroft, do hereby declare and state: 

1 I currently hold the position of Research Professor at the School of Pharmaceutical Sciences at 
Nottingham University, Nottingham, United Kingdom. 

2 I am a medicinal chemist with over 30 years of experience in medicinal pharmaceutical 
chemistry with a particular emphasis on immunomodulating agents. 

3 I graduated from the University of Nottingham with a BSc Honours Degree (Chemistry) in 1960 
and a PhD (Chemistry) in 1963. Following a two year NATO Fellowship, which I held at the 
University of Zurich, Switzerland, I was appointed in 1965 as an Assistant Lecturer in Organic 
Chemistry at the University of Nottingham. I was subsequently promoted to Lecturer (1967) and 
Reader (1978). My research interests during this period were predominantly concerned with the 
chemistry of natural products and, in particular, antibiotics and anti-infective agents. By the end 
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of the 1970s, my research was increasingly engaging the interface between chemistry and 
biology. In 1979 I accepted the Chair of Pharmaceutical Chemistry within the then School of 
Pharmacy at Nottingham to pursue these interests which were predominantly focused in the 
areas of anti-infective and immunomodulating agents. I was Head of the School from 1985- 
1988. I was Pro-Vice-Chancellor of the University of Nottingham from 1990-1994. 

4 From the early 1980s to the mid 1990s I led a team of chemists and immunologists interested in 
natural products (derived from microorganisms) with immunomodulating activity, i.e., 
compounds that suppress or enhance the immune response in some way, and how these 
compounds influenced the operation of the immune system. 

5 In the mid 1990s our studies on immunomodulating agents were largely integrated into the 
Institute of Infection and Immunity, funded by the Medical Research Council. This followed our 
discovery of bacterial molecules which down-regulate the immune system by shifting the 
balance of the T helper cell response. 

6 I am familiar with the methodology for the production of antibodies and monoclonal antibodies 
for use as as pharmacological tools and have been involved in such work in my group's 
research activities. 

7 From 1994-1996, I was Dean of the Graduate School at the University of Nottingham. 

8 From 1994-2000 I was the Head of the Pharmacy School and the School of Pharmaceutical 
Sciences at the University of Nottingham. 

9 A copy of my curriculum vitae is attached hereto. 

10 I am familiar with Claims 33-40 of the above-identified application. 

11 I am also familiar with the Office Action dated August 7, 2001 in the above-identified application, 
wherein the Examiner, inter alia, rejects Claims 33-40 as being unpatentable over each of Stella 
et ai, Failli et al. (A) {'203) and Failli et al, (B) C307), Kao et al. (*678) and Kao ('477), 
Caufield and American Home Products in view of each of Sevier e^. a/., Yelton et al, or 
Campbell, in further view of Niwa et al. I have reviewed the references relied upon by the 
Examiner in the Office Action. 

12 In my opinion, at the time of the present invention in April 1993, a person of ordinary skill in the 
art, could not have had a reasonable expectation that one could successfully obtain monoclonal 
antibodies to rapamycins. This opinion is not changed by the prior art cited by the Examiner 
which teaches nothing about raising monoclonal antibodies to compounds possessing the 
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structure and unique biological activity of rapamycins. The detailed reasoning in support of my 
opinion is set out below. 

13 The Examiner refers to literature (Sevier et a/., Yelton et al. and Campbell) which discloses 
methods for preparing monoclonal antibodies to a variety of antigens, by attaching a hapten 
carrier to the antigen to form a conjugate and then injecting the conjugate into an animal to 
activate B cells (which produce antibodies) in the spleen. After two weeks a further booster 
injection of the conjugate is normally given before the animal is sacrificed and the spleen 
removed. B cells from the spleen are fused to form hybridomas and appropriate monoclonal 
antibody producing cells are selected. 

14 While these methods had been used successfully to generate monoclonal antibodies to a range 
of small drugs prior to April 1993, it was known that some small drug conjugates had failed to 
generate monoclonal antibodies specific to the drug entity within the conjugate. There was little 
rationale as to which type of drug structures would or would not be recognised by B cells to 
generate antibodies, other than the general observation that molecules and molecular 
structures containing regions of conformational flexibility (such as the rapamycin macrolide 
molecules) were less likely to be recognised by B cells and, therefore, less likely to generate 
monoclonal antibodies (see, for example, the chapter titled "Structural requirements for 
Immunogenicity and Antigenicity" by Colin Young p. 1-14 in Molecular Immunology, Eds. M. 
Zouhair Atassi et al, 1984, in particular, the passages marked on pages 5 and 8, a copy of 
which is attached hereto). Furthermore, rapamycins are immunosuppressive agents and the 
generation of monoclonal antibodies to immunosuppressive agents using these methods was 
known to be difficult and unpredictable. This is because the immunosuppressive action of such 
drugs disrupts the mechanisms by which antigens are recognised and antibodies produced in 
the animal. Notably, Sevier et al., Yelton et al. and Campbell do not exemplify or disclose the 
generation of monoclonal antibodies to any immunosuppressive agents. 

15 As far as I am aware, the only potent immunosuppressive agents specific for T cells in relation 
to which monoclonal antibodies had sought to be generated prior to April 1993 were cyclosporin 
and FK506. In both instances, raising the antibodies proved to be problematic. The difficulties 
experienced in generating monoclonal antibodies to cyclosporin are clearly demonstrated in 
PCT international application PCT/EP85/00501 in the name of Rosenthaler et ai, which was 
published on 10 April 1986 (a copy of which is attached hereto). The owners of the patent 
(Sandoz (now Novartis), a Swiss based pharmaceutical company which is a leader in the field 
of immunosuppressants for use in transplantation) made numerous unsuccessful attempts to 
generate monoclonal antibodies to cyclosporin by attaching a carrier protein to the compound. 
The few monoclonal antibodies Sandoz did raise were found to have relatively low specificity for 
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cyclosporin, or to be specific with respect to the carrier protein and not to cyclosporin (see, in 
particular, the paragraph bridging pp. 5-6 of the patent). 

16 Monoclonal antibodies against the immunosuppressant, FK506, had been generated with 
difficulty in the late 1980s, but the procedures were not straightforward. The Niwa et al. 
application relied upon by the Examiner refers (column 2) to "intensive investigations". 

17 Accordingly, by April 1993, with only these two examples to go by, the skilled man knew that it 
would be difficult and maybe impossible to generate monoclonal antibodies to potent 
immunosuppressive agents such as the rapamycins. Even if some monoclonal antibodies could 
be generated using the methods described in Sevier et al., Yelton et al. and Campbell, there 
was no reason to predict that they would be specific to rapamycins. Accordingly, at the time of 
the present invention in April 1993, the generation of monoclonal antibodies specific to 
rapamycins was totally unpredictable. 

18 The Examiner suggests that, given the partial structural similarity between FK506 and natural 
rapamycin, the fact that monoclonal antibodies to FK506 had been generated, would render it 
obvious that monoclonal antibodies to natural rapamycin could also be generated. In my 
opinion, one of ordinary skill in the art would consider this to be incorrect for two reasons. First, 
while a third of the natural rapamycin molecule may be similar to part of the FK506 molecule, 
the other two thirds of the natural rapamycin molecule is very different to the remaining portion 
of the FK506 molecule. I have stated earlier that there was little rationale as to which if any 
structural features in small molecule conjugates would be recognised by B cells to generate 
antibodies, other than the general observation that molecules or molecular structures containing 
regions of conformational flexibility were less likely to be recognised by B cells and, therefore, 
less likely to generate monoclonal antibodies. The natural rapamycin molecule possesses 
greater conformational flexibility than FK506. Secondly, and more importantly, in April 1993 it 
was known that the mode of action (as immunosuppressants) of the rapamycins, both at the 
cellular and the molecular level, is very different to that of FK506 (and cyclosporin). For these 
reasons, I, and I believe others of ordinary skill in the field, could not reasonably extrapolate 
from the experience with FK506 to rapamycins. I wilt address each of these two points in more 
detail below. 

19 In terms of structure, as illustrated in Figure 1 attached hereto, there are substantial structural 
differences between natural rapamycin and FK506. Natural rapamycin is a macrolide lactone 
with a 31 membered ring, which is considerably larger than the 23 membered ring of FK506. 
Natural rapamycin, unlike FK506, contains within the larger ring structure a triene. Even given 
the conformational constraints of this triene unit, the degrees of freedom around the additional 
single bonds within the ring, makes the larger ring structure of rapamycin much more 
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conformationally flexible than the smaller ring structure of FK506. In addition, the cyclohexyl 
ring of natural rapamycin is joined to the core macrolide ring by single bonds, lender normal 
physiological conditions, the dynamic motion of a rapamycin molecule would allow rotation 
about the single C-C bonds of the flexible arm attaching the cyclohexyl ring, thereby allowing 
the cyclohexyl ring to occupy a significant space envelope. On the other hand, the cyclohexyl 
ring of FK506 is joined to the core macrolide ring by a double bond and a single bond, thus 
severely restricting rotation of the cyclohexyl ring. Accordingly, the side chain of a rapamycin 
attaching the cyclohexyl ring is significantly more conformationally mobile than the 
corresponding side chain of FK506. Given these structural and conformational differences, the 
knowledge that monoclonal antibodies could be generated (with difficulty) to FK506, did not 
permit the skilled person to be able to predict whether monoclonal antibodies would be able to 
be generated to rapamycins on the basis of the partial structural similarity to FK506 relied upon 
by the Examiner. Indeed, given the greater conformational flexibility of the rapamycin molecules, 
rapamycins would have been considered less likely to be recognised by B cells and therefore 
less likely to generate antibodies. 

20 Furthermore, in terms of biological activity, rapamycins inhibit the immune response in a unique 
manner. As I shall explain below, it differs from the mode of action of FK506 (a) at the cellular 
level in terms of rapamycins' effects on both T cells and B cells and (b) at the molecular level in 
terms of the molecules to which rapamycins bind in order to exhibit their immunosuppressive 
effects. In order to explain these divergent cellular and molecular activities and their 
implications for the production of monoclonal antibodies, it is necessary, first, to explain briefly 
the coordinated mechanisms of the immune response. 

21 The key cells controlling the immune response are T lymphocytes (T cells) and B lymphocytes 
(B cells). Cytokines (soluble signal proteins released by T cells, including the interleukins IL-1 
to IL-6) play an essential role in cellular communication and coordinating the immune response. 
The immune response to a foreign antigen primarily involves (i) cellular responses driven by T 
cells and (ii) humoral responses i.e. antibody production driven by B cells. 

22 The cellular response involves resting T cells recognising presented foreign antigen from an 
invading pathogen such as a bacteria or virus, and becoming activated and producing 
cytokines, including IL-2. The IL-2 binds to a receptor which is simultaneously expressed on T 
cell surfaces. The binding of IL-2 to its cognate receptor results in T cell proliferation affording 
more T cells (of the T helper type) which in turn produce further cytokines including IL-2. The 
continuing production of IL-2 thereby maintains the proliferative cascade. Some activated T 
cells differentiate into cytotoxic T cells which directly attack the invading pathogen. The T 
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helper cells produce cytokines including IL-4, IL-5 and IL-6 (which stimulate B cells - see 
below). 

23 The humoral response involves B cells recognising and binding to the foreign antigen and, upon 
receiving further signals from T helper cells via the cytokines (including IL-4, IL-5 and IL-6), 
becoming activated and differentiating into plasma cells. These plasma cells secrete antibodies 
that mark the foreign pathogen for destruction by phagocytes. 

24 As I said, at the cellular level rapamycins and FK506 have different effects on both T cells and B 
cells. In relation to the former, by the early 1990s it was well established that FK506 and 
cyclosporin exhibit their immunosuppressive effects by inhibiting the production of IL-2 (see, for 
example, Stutz, Transpl. Proc. 24, 4, SuppL 2, 22-25, 1992, the penultimate paragraph, a copy 
of which is attached hereto). In the absence of IL-2. T cells cannot proliferate and hence the 
cellular response generated by T cells is directly inhibited. By contrast, it was well established 
that rapamycins do not inhibit IL-2 production. Rather, rapamycins act downstream of IL-2 
production by blocking the proliferative response of T cells to the signal provided by IL-2. This 
was a unique mechanism not previously exhibited by any known immunosuppressant in 1993 
and it is still unique today. Rapamycins also inhibit the T helper effect for the T dependent 
production of antibodies by B cells (Luo et. al., Transpl., 53, 1071-1076, 1992. a copy of which 
is attached hereto). 

25 Rapamycins and FK506 also have differential effects on B cells. Although FK506 and 
cyclosporin inhibit B cell activation when presented with some antigens, they do not directly 
inhibit antibody production in most models (Stevens et al., Transpl., 51, 1240-1244, 1991, a 
copy of which is attached hereto). Indeed, under some circumstances, FK506 has been shown 
to augment antibody production (Yamamoto et. at., Immunol., 69, 222-227, 1990, a copy of 
which is attached hereto). On the other hand, rapamycins not only inhibit B cell activation 
induced by most stimuli through a mechanism clearly distinguishable from that of FK506 and 
cyclosporin, but also directly suppress antibody production by B cells (Luo et at, 1992). 
Accordingly, at the date of the present invention, it was believed by ordinary skilled workers in 
the field that rapamycins would be considerably more effective in blocking antibody production 
in vivo than FK506 (and cyclosporin). 

26 In terms of the molecular basis of the difference in biological activity between FK506 and 
rapamycins, by April 1993, it was known that, in order to exert its immunosuppressive activity, 
FK506 binds to a protein (macrophilin) known as FKBP and the FK506/FKBP complex then 
interferes with the target calcineurin. This important discovery of the molecular target of FK506 
had been made by a group at Harvard University in early 1991 (Liu et al. Cell, 66, 807-815, 
1991, a copy of which is attached hereto). Liu ef. a/, also teaches that, in order to exert its 
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immunosuppressive activity, a rapamycin binds to FKBP but tine rapamycin/FKBP complex does 
not interfere with the target calcineurin. Instead, the rapamycin/FKBP complex interferes with a 
completely different target. Various groups were trying to identify the target of rapamycin 
around 1993/1994 and the target was subsequently identified and given various names 
including mTOR, FRAP and RAFT1 (see for example, Brown et ai, Nature 369, 756-758, 1994 
and Sabers et ai, J. Biol. Chem. 270: 815-822. 1995, copies of which are attached hereto). 

27 The differences in biological activity between rapamycin and FK506 are summed up in Stutz, 
1992 (referred to above) where it is stated: 

"'According to our present knowledge, the modes of action of FK506 and CyA 
[cyclosporin] seem to be identical and fundamentally different from that of rapamycin. 
While FK506 and CyA inhibit the transcription of IL-2 and other lymphokines during the 
process of T cell activation, rapamycin inhibits the proliferation of these cells induced by 
e.g. IL'2. These in vitro effects indicate a common property for the cyclophilin/CyA and 
macrophilin/FK506 complexes which is not shared by the macrophilin/rapamycin 
complex. Thus the next step in the chain of intracellular events leading to the specific 
immunosuppressive effect of CyA and FK506 seems to have been identified, which is 
clearly separate from rapamycin's mode of action. These specific signalling 
mechanisms are not restricted to T cells. [Differences In the effect on the antibody IgE 
are then reported]." 

28 Accordingly, irrespective of any partial structural similarity between FK506 and natural 
rapamycin, the biological activity of the two molecules both at the cellular and the molecular 
level was very different. The immunosuppressive action of a rapamycin was likely to disrupt the 
mechanism by which B cells are activated and antibodies produced (after injection of the 
rapamycin conjugate into the animal) in a different and unpredictable way compared to that of 
FK506 (and cyclosporin). In 1993, therefore, the generation of monoclonal antibodies to the 
potent and unique immunosuppressants, rapamycins, remained problematic and totally 
unpredictable. 

29 The rapamycin conjugate may, itself, not be immunosuppressive (biological activity may 
possibly be lost due to the large structural and conformational change to a rapamycin molecule 
caused by the attachment to the carrier molecule). However, it was known in April 1993 that the 
conjugate was likely to breakdown to the free drug when injected into the animal. According to 
the present invention, the carrier molecule is attached to a rapamycin molecule by an ester 
linkage and it was known that following inoculation, such conjugates are susceptible to 
breakdown to the free drug by non-specific esterases that are distributed in the blood, liver and 
other organs and tissues of the animal. 



DECLARATION of PROF. BARRIE W. BYCROFT UNDER 37 C.F.R. § 1.132 
Appln. No. 09/576,952 



30 In the case of small drug conjugates for use in the generation of monoclonal antibodies, there is 
ample time between injection of the conjugate and sacrifice of the animal for the drug conjugate 
to be broken down to release substantial quantities of free drug. The release of free rapamycin 

. from the conjugate would block the T cell response as well as the antibody producing ability of 
the B cells to the conjugate. It was therefore likely that these activities would interfere with the 
production of antibodies when the rapamycin conjugate was injected into an animal. It was 
expected in April of 1993 that such interference would most probably prevent the generation of 
monoclonal antibodies specific to rapamycins. 

31 In sum, at the time of the present invention in April 1993: 

(a) it was known that some small drug conjugates had failed to generate monoclonal 
antibodies specific to the drug entity within the conjugate, and there was little rationale 
as to which structures in small molecule conjugates would be recognised by B cells to 
generate antibodies, other than a general understanding that molecules possessing 
regions of conformational mobility (such as the rapamycin macrolide molecules) are less 
likely to be recognised by B cells, and therefore less likely to generate monoclonal 
antibodies; 

(b) the generation of monoclonal antibodies to potent immunosuppressive agents (such as 
rapamycins) was known to be difficult and unpredictable; 

(c) although monoclonal antibodies had been generated (with some difficulty) to FK506: 

(i) there are substantial structural differences between rapamycins and FK506 
and rapamycin molecules have significantly greater conformational flexibility 
than the FK506 molecule; and 

(ii) rapamycins exhibit significantly different biological activities to FK506 both at 
the cellular and the molecular level; 

(d) no monoclonal antibodies had been generated to an immunosuppressant that had the 
same mode of action as rapamycins at the cellular level (i.e. (i) blocked the response of 
T cells to the IL-2 signal and the T helper effect on B cells; and (ii) suppressed B cell 
activation and antibody production); and 

(e) no monoclonal antibodies had been generated to an immunosuppressant that had the 
same mode of action as rapamycins at the molecular level (i.e. bound to FKBP and then 
to a target later identified as mTOR/FRAP/RAFT1 ). 

32 I, and 1 believe other ordinary skilled people working in the field, could not, therefore, reasonably 
predict in April of 1993 whether rapamycins' unique inhibitory effects on the immune system, 
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and in particular rapamycins' effects on B cells and antibody production, would permit the 
production of monoclonal antibodies upon injection into an animal of a rapamycin conjugate. 



Conclusions 

In the light of the above, it is evident that at the time of the present invention in April 1993, the 
ordinary skilled worker in the field would have had no reasonable expectation that one could 
successfully generate monoclonal antibodies to rapamycins, as claimed in the present 
application. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that wilful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such wilful false statements may Jeopardize the validity of this application or any 
patent issuing thereon. 
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Structural Requirements 

for Immunogenicity and Antigenic! ty 

Colin R. Young* Mayo Clinic and Mayo Mcdicwl School, Kuditfuicr. Miniiciioia 



J. INTRODUCTJON 
A. DeHnrtions 

Some yeiifsago fSela, tW9) proposed the toOowingdcnniiions Tor ihc main Immuno- 

1 . Inimunogeniciiy: the capacity to induce un Immune ri^spoosc cbufacterized by (h^ 
formation of specific itnmunosIobuHns and/or lipecIflcaDy commined lymphucyles 

2. Anii^fioicity serr^u stricroi ihe cipacliy of reading wiih and binding specific 
imtnunogtobulins and/pr cellular receptors 

5- AllcTgcniciiy: the capacity to elidt various lypes of alier&ic rcHctions and lissuc 
lesior^? iii $ensiti2£d animals having specDlc imniunoglobuliiis and/or committed 
lymphocytes 

4. Tolerogerticily: the capacity lo induce specific inimurtologjcal uaresponSivcncss, 
including antibody formaiion and/or cellular immuniiy ' 

An uodersiandJr^g of the molecular b:xm ofimmuiiiiy i( punly due to ihc increase 
111 jcnowledgc over past 20 year5 o'' the number. :ii«.distrlbutirn. chemical nOtUrc, 
ond specificities ofuntiacnic dcterminanu. A 'vrgc body of evidence suggcsii; tliai the 
iiuluctlon oriuiim»ful »nd/t)r cellular immuiuly depends in piin on i|ic niolecutur 
!(iriiclurc.and \\vm the structural requiremorus for irmnunugcniciiy differ from tJiosc Tor 
iiniiatijficity, hor example, denaiyrcd proteins arc often less imnurno^cnic lhan the 
corresponding nauve protein. Also* buclerial proicins arc gc-ncrylly belter immonogens 
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lliun .scrum proteins lu»l y'^ow liitle ^iffcfCnce in ilicir bduvior as yntigcns, wlicrcas sc 
agRregalion ofa provcin h usually associalcd ^ul* a negligible dungc in antigisniciiy b 
wilh u cun5idefttl)lc increase in imntunQgcn icily. 

Knowledge ol* ihe sizes anO simcturcs ofantifiertio dcicniiinanaor pwlysaccharir 
nucleic ;icid8,i'ncl syntheiic polyi>C|MidcS Imk been obtained rmnt studies of ihe uhilWy 
Oiipiicms of ttiU'ftcn lu inliibit liic rcaciion orilic wlu)le molecule wiih its correspond 
;in(iltody Symlictic tuiiigeos provfJe oiuch inrurn\&ti;>n dclineaiui^ rcUuioiu*t)ips 
bciwctin iuuigcn sirncinrc and lyinpKocyle iiccivaiwa. 5i"cc it is possible lo sviuhcsi^.g 
(uiiof*modc uuii^cti:! for usking specifiv; civ^e&lioiis. The relationship bccwcen ^iruccuic ; 
(iiuigcnidiy is inuro co>iipl&x for prt>Uins in ihai ii dtip<nds lu 4 Utrge exieni on ilu 
ovcruH iliTee-diincnsiot^ul configur^cion of the molecule. KibfOUi proteins, however. 
rcpr^$9iii an antigenic situation that cOvId be regarded as inlernKdiate between linear 
polysaccharides and globular proteins, because of their («pcUt>on ofaniing acid sequcr 
in the polypeptide chain. Studies on the anngeniciiy of globular proteins are more 
complex because of the absence of repealing $equences of amino acid residues. 

Thc discu«$ion of antigenicity «nd inirnunOgenlcity in this chaptcf U divided into 
three sections. The nr$< section is basically a brief resume of substances \\m can act a 
antigens: proteins, polysaccharides, synthetic polypeptides, nucleic acids, chemically 
modiflcd antigens, and low-moIecuUr-wcight Substances. The second section is devoted 
studies on the Immunogenic Uy of molecules: criteria for immunogenicity and the facte 
affecciiig immunogenicily. The third section deals with an analy$i3 of the relationshli 
between chentical structure, immunogenicity, and lymphocyte function: (he hapten- 
carrier relaltonshlp, antigen siruciural requirements for cell cooperation and lymphocy 
activation, and siruciural requirements for the rnduciion of immune responVivencss am 
imn\urte suppression. This chapter Is not intended to be a detailed di^cusiion encom- 
passing all of the structural requirements for arttigenicity end immunogenic Uy of 
proteins, polypeptides, polysaccharides, blood .group antigens, bucterial antigens, vira 
antigens, or tumor antigens, jince chapters dealing with each of these speclRcally appea 
in this book. Rather, this chapter is intended to be more of a general discussion of som- 
of the concepts ir^volved in antigenicity and Immunogenicity. 

II. ANTIGENS 

We should now consider which substances may b& antigenic, that is, will induce the 
formation of anUbodieS Snd will then react with these antibodies. Conventionally, a lar 
amount of Information has been derived from; firsl, investigations using rabbits as the 
laboratory animal of first choice; second, from the necessity for large«scale immuniiatit 
of humans to prevent various infectious disease; third, from clinical observations of 
people having (LideesGS, in whom antibody production was taking place. 

A. I^foieinj 

MAtXy Studies clearly established that proteins were fiood antigens when injected into an 
animal species other than the one from which ihcy originated. For example, bovine sen 
albumin is a good antigen when used to imnaunize rabbits, Wlien immunuingmamntals 
with homologous proteins* foreignnesa of protein has conventionally been thought to t 
a requirement for a protein to be antigenic: that is. the antibody-forming system recog- 
niwd its own proteins as being not foreign and hence did not react with them. However 
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rcccni dat» with rabbit $crum albumin and mouse myoglobin jhflve demonsirated Ihal 
ihese self-proielns. when used to immunize a hgst, can readily dicU an auto-antibody 
response; see CKap. 2. 

B. Potysaccharides ; 

The3e havt proven to be very usefu) in immunochemical sludiesibecause they provide 
antigens ofrelativ*!/ jimple structure by which many of the deCailed structural aspect? 
of antigenic decermlnanu and antibody coxnbininB sites have be^o elucidated. Example^ 
of polysaccharides often used as antigens are dextran and levan/Polysaccharide antigens 
arc somewhat unusual in that in the purified form they mayj stimulate antibody, 
formation in some animal species and not In others; $ee Chap, J.i 

C. Synthetic Pofypeptidej 1 

These peptides provide a wis? of antigens of desired specifications for studies on the 
structural requirements for antigenicity. Chemical methods now allow the preparation of 
the various types of poly^^amino acids: first, homopolymers ojf a single amino add; 
^ftcond, copolymers in which abort peptides of known sequence are Imked together; 
third, random copolymers of Several amino acids; fourth, multichain copolymers; fifth, 
polymers with chains in which a peptide Is repeated at Intervals. 1 

A very important concept discovered using synthetic polypeptides is that ihe 
antfgenicaUy important regions of the molecule must be accessible (o the antibody- 
fonmlng system. This was demonstrated as follows: two mtiUidjaln copolymers were 
synthesized, each containing lysine, alanine^ and a peptide of gluiimic acid and tyrosine. 
Both had a poly-L-lysinc backbone. One was designated (T,C)-A-|-Lj in the other the 
order of addition was reversed (Sela, 1969), A schfimalic represerAation of these two syn- 
thetic polypeptides is shown in Figure I . 

Only the polymer with the glutamic acid-tyrosine residues on the outside was found 
to be antigenic in rabbits. If, however, the polypeptide backbone Was made as a copolymer 



Tyr, Glu 



DL Ata- 



Lys 



DLAla 



Figure 1 Synthetic dia|rBm of two synthetic copolymers, p(Tyr,Cilu)-pDL Ala-pLys and 
pOLAla-p(Tyr-Clu)-pLys. ; 
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of \ymc and iAmwc. s\i ilini iherfe wai* n^ore space l^etwecn the e-unu.io groups [ysinc 
1y wlucli the side chains w<;rc aliudied, ihen ii potymcr wiih giufiunic acid-iyrusinc 
aiuichcd dirccily iu \\\c lyiijig^ with ;il;.nin< side cliuiii* yl ilic ouuide was i\nMid In be a 
strtjnfi ^rKigeii. 'Hui.'; iiccessibiliiy doc* iu»( require per sc u posilioo ai (he end of ihc 



! 
! 

0. Nucleic Acids 



It H very ciin'iciiU ui induce »tuib(?dy roniiuilon lo pk^rified nuclcici ncids. However it is 
quiic possible lo prepare aiUIhodic^ to DNa, using denatured ONA coupled to 
methylated bovine servmi ulbumin i*nd injected with adjuvant. Serum antibodies to 
nudcic acids occur naturally in humajis suffering from lupus erythemalosui and in 
NZB/N2W iniisc. The antibodies in Some sera reacl wjih denatured DN A, and in oiiicrs 
wiih native DNA, m some ;>niihodle5 ipparenily reict to antigenic detennioants prcwnt 
In boilx native and denatured DI^A. The mechanismjby which thcg* antibodies are 
produced In patients h/(iK lupus cryihematoius is notjasyei Fully understood, 

E. Chemically Modified Antigens \ 

i 

Much Icnowledge of the reUiionsliipi of antigenic determinaiKs came from experlmeais in 
which groups of known structure v^cre rtnached by cdvaleot bonds to protein aniiEens» 
aflGr which antibodies were obtained with complemeritarily directed toward tbegrotipj 
that had been introduced. This work was pioneered [)y Landstelner In the 1940s 
(LaiidstCiner. 1945), using proteins coupled to low-maiecuUr-weighi iub&iancwby means 
of a dia£onium salt. The low-mole^'ular-wdght groups which are not antigenic in ihck free 
form are called haptens, and the group* attached to this protein are referred to as the 
hapUnk grc/up. The main reactions used routinely in laboratories for introduciog soch 
groupa into proteitis are: iodinstion. dUzoiJzaclon anci coupling, reaction with iso- 
cyanaies and isoihiocyanatcs, dinitrophcnyl (ONP) dirivalives. the mixfed anhydride 
reactioo, reaction wCth carbodiimides. reactions with 'penicUUtt, and coupling of ribo- 
nucUoside^ and nucleotides to proteins. However, theri are certain drawbacks to all of 
these techniques. FIrsu antibodies may be produced to delcnn'manU on (he protein 
which have not reacted with the reagent. Second andj wore ImporUnt, the groups 
Introduced may affect the conformation of the protein], 

F. Low-Molecutar-WflighT Substances 

Many recent studies have shown that low^-molecular -weight substances can function as 
complete antigens, either in their free form (i.e., not COjupled to a large protein) or when 
adsorbed to carbon particles. Exaniplcs of the former are very small synthetic peptides of 
natural moleeules, such as myoglobin and influenza vjVus. Examples of the latter arc 
hornvones such as angiotensin ([ amide, an octapeptldi As^-A^g-Va^Ty^He•HiS'Pro-Pl1e of 
molecular weight 1 045. Also, antibiotics such as bacitrj(cin, gramicidin S, and oxy leira- 
cycline ara dniigenic. 

III. IMMUN0GENJC1TY 

A, Criteria for Immunogenicity 

Until recenlly the immunogeniciiy of an antigen was dstablished by two crit*riii: the 
production ofspccUlc immunoglobulins and the fiStabllshmBnlofccll^media^ed immunity. 
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However, there are wine lovM-molccular-weighl antigens, such as ONP-oligoly sines, thai 
3r€ nonimmunogpnic on iheii own but are able lO f^ducc antibody rormation, but noi 
delayed hypcrscnsiiiviiy, when immunized with complete Frcund's adjuvant. More recent 
data have sho^vn thai very small free synthetic peptides of natural molecules of 6 to 10 
amino acids can induce the fomidtion of antibody, with or without cell-mediated 
immunity- Since many Factors obviously affect the immune response to an aniigen, the 
characierlialion of a substance as immunogenic or nonimmunogeriic can be assigned only 

ill op^fAtioiial terms. 
Antibody Formation 

Cellular processw involved In O'Uibody formatiotk require the pariicipation of macfo- 
phascs, bone-marrow-derived lymphocytes (B cells), and thymusjerived lymphocytes 
(T cells). For marty antigens T cells function as helper cells. However, foe a small number 
ofaniigens^T-helpcr cells are nOl required to activate B lymphocytes. These antigens axe 
termed thymus-in<iep$Hdm ontigem. E)cwples of some thymus-independent antigens arc 
bacteria) polysaccharides and some polymerued proteins. Tlie mechanism by which 
ihymus-independent antigens act is not fully understood, but the immune response to such 
antigens is different from the response to tliymus^de pen dent antigens in that the antibody 
produced is predominantly of the IgM class and little or no immunologjcal memory is 
acquired. 

The normal course of events in the primsiry and secondary immune response to 
most defined antigens Is as follows: The first contact with antigen induces an immuno- 
logical memory and proliferation of antigen-sensitive cells, and a:Second contact ^ab 
antigen causes massive diflcreoiisiilon of B <»lis into antibodysccrfeliOB pl«ma cells. This 
overaU picture for the antibody response is not necessarily the case for all antigens, par- 
ticularly muUidcterminant antigens. In muUtdetefminani antigens, antibodies toward the 
various determinants do not appear all at the same time during the course of 
immunization (see Chap. 24). 



Cellular Immumiv 

Cell-mediated immunity and delayed-iype hypefsensitivily is an Essential function of 
T cells. Interaction of specific antigen with anugcsn-senslUve T cells induces them to pro- 
liferate and release soluble mediators responsible for the tissue lesions charactcnstlc of 
dclayed-type hypersensitivity. As yet it is unclear whether the structural determinants on 
an antigen responsible for lymphocyte proliferation are the same as or different from the 
Structural determinants oo the antigen responsible for the molecidar mechamsnts lendinE 
to the release of the lymphocyte mediators, H seems Ukely that these may well require 
different molecular properties from the antigen. 



8. Factcrrs Affeciing imfnunogcniciiy 
Si^e 

TradiiionaUy , it h« been held that the immgnogenicity Of antigens is directly related 10 
their molecular slie. Very large molecules such as horse spleen ferritin* keyhole limpet 
hemocyanin. or particulate antigens such as viruses and bacteria are higlUy immunosenic. 
On ihc other hand, polymers yf glutamic acid, lysine, and tyrosine elicit the same 
antibody response even over ii ihreefold variation of molecular weight. However, a 
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Table T Examples of Some 



ampica of Some low.MoiecufafwWeieht rmmu/iogens 



Injinunogcn 

Artificial and " 
synlhcLit: p^t^ildcs 
Amino Rcid copolymers 
iruch a&GAT, C'.U0L4' 
BifMnction»l h«pui\s 

DNP-amlno acidj 

SynUifttic enccphalito^enic 

peptidE« 
Synlhetk myoglobin 

peptides 

Native peptides 
Insulin and peptide pHaLn$ 
Gastrin 
Angiotensin \l 

Oxytocin 



Molccuinr WLigtii 



4000-5000 
600-1000 
>300 
?700 
900-3000 



<€O00 
2000 
1000 



tmmune response 



1007 



AntiboOy 

Anttbody ancC 

delayed hypcrsensilivify 
Antibody and 

delayed hyporsensitiviiy 
Delayed hyper^cDSitivUy 

Anribody and lympho- 
cyte proJiferaUon 



Antibody 
Antibody 
Antibody and 
delayed hypcneni^i ([vUy 
Antibody 



puraUel does exist between moi«cular siM and the ability to induce antibody formation 
for polymeriied antigens of varioys siz*s haWOfi sitnilar repeating structures. It hai been 
shown that there is a progreeaive decrease in the immunogetiicity And tolerogenicity of 
fractions of decreasing tnolecuiar weight of lype \l\ pneumococcal polysaccharide 
(Howard et al, 1971). However, recently it has been shown that very small peptides, of 
only 7 to 21 amino scids, of sperm whale myoglobin are very effective bo^ as 
immunogens and tolerogens (Young and Atassi, 1982a). With levan. on the other hand, d 
decline in Immunogenicky with reduction of mdlecular weight was t\ot accompanied by 
low of tolerogenlcity. Generally, high molecular size favors immunogenlcity; however 
there arc examples in which large macromolecutes are nonjirimunogenlc, for exajTipJe 
higb-molecular.weight fully substituted poiylysines, poJyrfutamic acid, and various 
celluloses. 

CeneraUy, low-molecuUi-weighl antigens are not the best Jmmunogens. As shown 
in Table I , Several compounds below 5000 molecular weight have been demonstrated to 
be immunogenic. Otie important question to ask in this context is: What is the minimum 
molecular %\z% for immunoacnlcity? Using a series of olifiplysines of Increasing sizes 
monosubstUatcd on the (V-NMennUial lysine by a DNTP gfoup, Schlossman (Schlossman 
et fli., 1 965) showed very clearly that mono-o^DNP-oligolysinea smaUer than hepwlysine 
were incapable of elicitine anii-DNP-antibody production or cellular hypersetisitiviiy. 
However, exceptions to this heptapcptide rule are the p-azobcnsienearsonate derivative of 
tyrosine and hiaiidine and dinitrophenyUted amino adds. Using free synthetic peptides of 
increasing Site, it has recently been shown that a free antigenic site (I.e.. uncoupled) of as 
few as six amino acids Is effective In eliciting both humoral and cellular immunity (Young 
and Atvssi, I982t)). 
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The experiments wfih DNP-oIigalyiin^s of varying length je^i^blishecl ihat debyed- 
Kypt hyperscnsUivity requires a molecule of »i leost seven mnino acid residues, whereas 
smyJlcr subsiituud olisolysines wctii capable of inducing aiMibo;dy form u lion. However, 
Ihis rmdfng occurred only when the Inimunogcns were injccied [ogelhcf with compleic' 
Preund's adjuvant coniaining mycobacterium. However, ^viih^Ut adjuvant a reverse 
phenomenon occurs; that is, the smaller ihe molcctile, the more it tends to induce 
deiayed-iype hypersenAiiivity in the absence of circulailnfi aniibbdy. It is possible lhai 
these smaller molecules containing si jingje ininumodetcrniln$ni Wy preferentially Induce 
ddayed-iype hypereensUivity over Iigmora! immunity. In ((cnefjsl. weak imn^unogens 
favor the establishment of the delgyed-hypersenslllviiy state, i 

Con forma lion 

For large antigens the ajWigenic determinants are those poriion$ i^hich ar« superficially 
exposed or protruding parts of ihc antigenic molecule. For cxam'ple, ihe antigenic sites of 
sperm whale myoglobin have been ihown (Alassi, 1975) to reside at conFormatlonally 
sensitive porlions of the polypeptide chain, located on the surface of the molecule and 
jonietimes referred lo as the "elbow regions."' For mulUchdin amino acid copolymers ii 
has been demonstrated il\at the immune response can be directe(3f against confOnTjational 
deierminants produced by both the tertiary and quanernary strutlures. For example, the 
tripeplide Tyr-Ala-Glu attached to a branched polymer oF DUalahine and lysine induces 
gniibodies inhibitable by the tripepiide, whereas a high-moiecularpwelghl polymer of the 
tripeptlde fornis helices and induces antibodies against conforinational determinants 
noi present in the tfipeptide. i 

It has been assumed thai an q-helical configuration favors inimunogenicity, and that 
oligopeptides should only be immunogenic when large enough to assume the e^helicaj 
confonnauon. Oligopeptides derived from ^alanine and co-oligoriiers of Ualaalne with 
J^-methyl-L-giutamaie possess a random coil conforniMion in trini<orOacetic and dichlorO' 
acetic acids, whereas in irifluofoeihanol the pcnianier and larger crilgomers are in helical 
form, The lowest polymeric sire for an a helix in nonaqueovs solvents (s an ociapeptide 
of >-methyl gluiamate jionaianine or undecapepiide of p-meihylaspartate. However, 
Studies on the immunogenldiy of oligopeptides requires more knowledge not only of 
their primary structure but also of their stereochemical confo^Tiatlon. 

Antigenic determinants of globular proteins have been destgrjated 10 be either of a 
Continuous or a discontinuous type. Continuous antigenic deiermiqiants are (hose formed 
by a linear sequence of amino acids of a polypeptide chain; Tor exa;mple, antigenic site 1 
of sperm whale myoglobin occurs in amino acid sequence 15-21. discontinuous an I igenii; 
deierininaius are tho9C formed by amino acid residues which are cqnilgvous but not part 
of 4 linear amino acid sequence, for example the antigenic silts of lysoiiyme- A much 
more detailed discussion of these continuous and disconiinuous anligenlc sites appears in 
Chapter 2. i 

! 

(iffea of otie/vtion of conformaiton on ontiffeniary. It has been known since the 
1^405 lhai denaturation due to healing or to chemical miidincaiion results in a reduction 
of iminunogcnicity and an alteration in antigenicity. Tlic structural requirements r^>^ 
antigenicity and immunogeniciiy have since been exaniined in inuclli more detail using 
various weH-charactcriwJ procedures. 

Cleavage of all (he intramolecular disulfide bonds in proteins, destroying non* 
covutenl Interactions and causing unfolding of polypeptide cbujnsjhas been shown to 
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rc$uU in a large rctfucliou in activity oCaatibodics eUdtcd Lo th« native pfolein. loi 
example flbcnudcase, papain, trypsin, lyso..ymc, and boviac SCium olb^^inin. Hov^evcr. 
when o»ily two af ihe Tour disulfide bonds of ribonuclease aw cleaved, Ibc pariliiHy 
reduced prolcm ii immundugically lndistinEui«*^able fronj tialivc ribunucIeasc-ThiMcsuH. 
lakcn logciher wuia fcsuiis from other ptfiUdlly rcdvccd proicms. -iu&josu: thai di^-lltdc 
bonds per sc da noi play a m^jor role in dclomUiuog unUgeniciiy. The SftCQndarj- fols of 
dUulfide bonds in dcierminin^ uniigenicity is probaWy due \o ihe ha Urn di^^ulfidc 
bridges do m direct ih* folding of the polypeptidt chain but Slabilrde the most thenno- 
dynwnically «able oonformalion. 

Because of iKc cIok reUtlonsiup between conformation and aniigenicUy, u would 
bo expected that a small conformjitlonal chartgc would result in a change in uniigcnic 
reactivity. Qfic of the bMt characterized systems demonstrating this is Uic removal of the 
heme group from sperm ^Mhale myoglobin. The Io« of the heme group in apomyoglobin \B 
associated with a decrease in helical content of the protein and an increase in asymmetry 
of th« protein; that is. the folded polypeptide chain of apomyogJobio is more Qcxible. 
Difrcrences between the antigenic reactivities of metmyoglobin (heme group present) and 
apomyoglobin have been clearly shown (Crumpton and Wilkinson, I965J. Figure 2 shows 
that metmyoglobin forms, at equivalence, largw amounts of precipitate than that formed 
by apomyoglobin* with antisera to metmyo^obin. 



0.8 



E 



LiJ 



OA - 




Antigen sdded Imm x 10"-^) 

Figure 2 Amounts of precipitate fanned by the addition of 5P«^rn» whale m=tmyog)obin 
(• *) ftfid of apomyoglobin <X X) to an antimctmyogiobin scrum. 
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1 lecifictil Chargi: 

There arc iwu a!i{icci» ol clcoirk <U;irgc which shngiU he discussBd. RnJi. (s ;in ciccinoul 
clliK^c on llic iniinunngcji rcquircil for cliciUini jm imiDUOC response? Secund. 0oC5 a nci 
cli'cliicul chii/gc on the imjnui*otnfn iilTct'i tlio ch:ir:icK-risiics of hiuiuinvgilohulinjevakdl 

by ilic ikninu)U>fc1>ii'.' 

A lU'i cicciiiat L'luirgc po"* sc oi» ilic jmimiinjgc" ilocsiun iceiii \o be rcqtiircd, since 
nonuniS/.ul)lc synihcilc poK- pep title uiuiyCn,^. stihiblfi in waici noniunlZilhle iU neuUiil 
liM. urc mitnunogcoic. t Iciw4:vcr. husk pepHtlos uml Kiisic p^)(cins witli ckiMCrji ofpos!- 
livcly charged uiiiiiu) tirnups very gixnl iwtminogcns. Tor example ihc b«?iv; pfO(cin ul" 
myelin. lllgl\ elcciriciil Ijusic (leiclic nc» charge \my secondarily enhance immunu' 
gciu'eiiy by ihc foimuiion orcouu''cxcs nr upfrcpaies with ihc uiljuvani vj?cO >n hiiniuni- 
ziiiion. Siocc lymphocyte and inacrophagc membranes are ncguiiveiy ehi^fgcdi,ii tvuld 
argued ihui posIiWely charged antigens arc aliractod rtanspcciflually u> their men)br3ne!i. 
IhtrcHy racilitaiinBaiuigcn presciM:ilit>n. 

li has been clonrly siio^^'n \\yx\ ihcro is an in^'ci'S*: r^btionship bOlw^eri ih^ 
electrical charges orhnnuinogenj« and ininiunoglobulinscliched by ihen). TJ^ishas 
been dcmonslriiied very clearly with aiutbodlc^ lo addk dipiherU toxoid and lo Jiega- 
lively charged syniheiic yoiino itcid copolymers. Inicrcsiingly, snilbodies produced io 
p-a'/obciiy.ene.arsonaie groups Ixiund lO basic poly-L-lysyl rlbonvclease or lo acidic rabbit 
* ' ii>rviii albumin showed th^i the aruibody charge was the opposiu of ihe net charge of ihc 

molecule, raihiir iJian duigcs wiUiin lli^iitcdarcas ol' (he azoben^cnearsortaie dctcn»Inani, 
Fyr lar&e globuldr proteins \\ is possible lhal charged residues mi conulbute strongly 
ihc jtpcciriciiy oraiuigonieilly reaclive dclerniinanls (see also Chap. 16). 

Adjuvants 

Muny substances, svidi as uil emulsions and aluniinum hydroxide, have bccp described a;i 
enhancing inuiiunogt;nicuy. There arc varhMis crfecis of adjuvants thai should be cmpha- 
siMU in this coniexi: first, cnhming the iinmunogenicity of a subsUncc thai "is immwno- 
i gcnic ^vhcn immunized into an animal on iis own; second, conferring immunoBeniciiy In 

substances ih^t arc not imm antigenic when inirnuni7,ed inlo animals on ihtijr r>\^T^: ihird. 
inodjfy(f)g the type ofipurune response of an immunogen (e.g.. humoral immunity or 
delayed-iypc hypersensitivity). The enhancing effect of adjuvants, Such as Frcund's com- 
plete or inoomplcie adjuvant, has been well dcmon&iraud for macromolccular and poly- 
peptide tjnligcns. However, not al) antigens tire cquially sensitive lo thecffceis of adju- 
vants; for example, polysaccharide antigens show enhanced immunogemcity wheii 
immuni/cd In complete I'rcund's adjuvant. F'v^r macromoleciibr antigens, complete 
Freund's adjuvant und mycolwicria hove been shown to shlfl the type of mimune 
response ehciied; for cx;iniple. In guinea pigs Cf niplcle Frcund's adjuuaul increased the 
production of 7: immunoglobulin and enhances delaycd-iype hypcrscnsuivjiy. 

Various adjuvants contain mycobucicriii or Hnrdi'l^Ua pertussis, which slimulaic 
mucrophage activity . and It Is pDssibic that the Increased digestion of imtiumugcns by 
ma\:ruphagc.s could resvili in the formjiion of active peptides containing jingle antigenic 
riUcjt and thereby aciiv^ung antigcn-scnsilivc lyniphocyieS. On the other hand, inert poly- 
r ' siyrcne latex parUeles of ubout the s^ame sixe tind liydrophobicUy as mycobacieria also 

are cxtcll^nt adjuvants^ tit least for the elicuiition in rabbits of antibody Ibrmation to 
hiun'ur\ IgG (van Oss ct \^n<>l Ft thus may be the simple hydfophobiciiy of such 
p;irucles ihat favor? (he adsorption of the antijien «nd allows ils presentation in a regulyr 
array un ihe surface of insoluble puriicles. 
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Do58 of Antigen and Route of Adminisuaiion 

Ootb oF these fyclOfs can play a considerable t;olc in ilic dcvelopmerU of un immune 
f€sponsc and llic lyp* ofr&sponsc obiuincd- These fnctoriiiiCfi ol'ereac inipoaaiicc iVr 
boih and U)w-moIccular-weiBhl aiuigefls. since ilic rurn\cr can contain very iuw 
molyr coni;cniniuous of single umigcnic sHes wljldi can funciioii as ver/ low lUOlccuUf 
weight ajulaens. One very guod uA-diuylB lo C|UO(« here U ihc response Oic syml»ei'c 
OClapcplidc «ngioicnsin !l: injection, in complete Freond's adjuvant resuiw in delayed- 
type hypertcnsttivity. whereas inlradermal luiniunizanoo evokes naiibody prodacliou 
When mvestisaling ibe InimunoganicUy of higl\-:or Jow-moiecular-wcighi un Likens. oAe 
$hotdd carry out an eKiimlnation of the effects of different routes of immuniJ^Lion a$ w. 
as complete dose-responje curves for eaoh rotate ofinimunization. Thus the dennilion of 
subUance as Immuiaggenic or nOJiimmunogenic can be accepted only in operftiional tern 

Genetic Factors 

Genetic factors in the immuf^c fcsporise. specifically the immune response (Ir) genes, ha 
been reviewed extensively (McDevitt and Landyj 1972). Info^rnation clearly defining an 
Immune response gene to synthetic polypeptide? came froni the study of (T.G)-A--L 
(see Fig. 1)» which bears a restricted number of and^enJc determinants. The artigen 
(H,0>-A--Li5 « related polypeptide in which the tyrosine residue Kw been substituted 
by a histidine residue in the antigenic determinknt. Studies with (T,C)-A— L and 
(H,OhA— L have clearly ernphasized the imporiknce of genetSc background of the anim 
species used in defining the immunogenlcUy ofllhese substances. The CBA strain of 
mouse is a low rcsponder to (T,G)-A"L and a high responder to {[iG)- A-L, witereas 
the C57 strain of mouse is a high responded to(T,G)-A--L nnd a low responder to 
(H,C>-A"L. U was shown that the imttiunc respbtise to each of these antigsns U under 
separate Ir-gene control. Since tliis initial demof»straUon of the gftnetic basis of the 
immune cesponse. mm antigens have been sho*fn to be under genetic control, not only 
in mice, but also tn guinea pigs, rats, chickens, mbnkeys, and humans. Examples of some 
of the many antigens the response to which has bjccn shown to be under genetic control 
are; lactate dehydrogenase, ovalbumin, ovomucoid, ribonuclease, staphylococcal 
nuclease, bovine gamma globulin, and myoglobiri 

Studiw on the genetic control of the immune response to complex antigens, such i 
sperm whale myo&lobln, have revealed some very iniefeslinfe features concerning the 
structural recognition of antigenic portions of the molecule. For example, U has been 
Shown thac each of Ute (ive individual antigenicisites in myoglobin are controlled by 
unique, distinct U genes. Furihermoxe, strains oif mice which arc high respondcrs to 
myoglobin do not necessariiy respond to the samp antigenic sites of the molecule. Also, 
the contribution thai the dOSfi of antigen used ih Immunization plays in the genetic 
recognition oFantigenic sites has been clearly derrionslrated. For example, strains of mic 
which are nonresponders to myoglobin or any ofils antigenic sites at an immunaing dos 
of 50 Mg wi^l respond well to myoglobin and all of Us antigenic sites at higher 
immunis^ing do5e$ (see also Chap. iS ). 

IV. ANALYSIS OF RELATIONSHIP 6e-nV5E>J CHEMICAL STRUCTURE, 
1MMUN0GEN1CITY, AND LYMPHOCYTE FUNCTION 

A Hapten-Carrier Relationship 

Much of the understanding of the nature and specificity of antigen-antibody reactions 
results from the early pioneering v^ork of Undstcjlner, usins stnall substances which arc 
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Figure 3 IHustrallon of hapien-proieiji conjugate. 



noi immunogenic bui c»n react wUh aniibodiesofappropriaie spe^incity. In order to 
elicit antibodies to the hapienic determinant » the hapten U Hrst coUpted to a protein. TlTe 
conjugated proteins elicit antibodJes specific for the hapten, as dfrnonstralcd by the 
capacity of iJie free hapten to bind antibody. The protein, called tlie carrier, has lt$ own 
set of native determinants as well as the new deiermlnanis introdtwJcd by the cor\iug»tcd 
hapten, represented In Ing. 3. 

It has been known for some time ihiii the production of Srtiibodles against ibc 
haptenic determinant Involves a structural configuration of the carrier nnolecule. The 
Importance of the carrier moiety is demonstrated by the finding ihjit animals that cannoi 
respond by antibody production to the hapten DNP when carried dn a nonimmunogenic 
carrier can respond when the DNP is bound to $n immunogenic caroler. U thus appeared 
that a recognition of antigenic dciermJnants on the carrier molecuJ^ was a prerequisite for 
the induciion of antibody as well as for recognition of the haplenicideienninanl. The 
ivorlc of Miichison (1971) has clearly shown ihai dirrerenl lymphoid cells re$pond lo 
carrier and hapten determinants and thai both responses are required for the production 
ofaniihapten antibody. Experiments in mice have clearly dcmonsiraied that the carrier- 
sensitive cells are T lymphocytes (see Chap. 24). 

The insertion of spacer molecules between the hapten and caijrier determinants on 
the conjugate does not influence the immunogcnicity of the conjugate, In^icoting that the 
hapten and carrier ponions are not acting OS p^rt of a single determinant. 'Hiq reparation 
of the carrier determinant and haptemc Oetermmanl of bifunciiyrjal molecules with 
spacer* of varying sl^e has ;iUowcd an assessment of the spatial requjrcmenis between 
iiapien and carrier for on antihaptcn response. Using the hapten DNP, the carrier 
L-iy rosi^c*p-!l^oben^c^ea^$onale (RAT), and the spacer 6-amlnocaplroic acJd it lias been 
established that coopemiion can be implemented by an antigen in which the hapten and 
carrier molelttfs were sepaniitsd by less than 8 A. 
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»«eeDiion» 10 the hBptcn-carrier concept- For example, 
However, there are ceru.n '^"J^^^ ,uch « endoloxin lipo- 

some polyn,erlc anUgens «'"P'«;„tv« '^^^^^^^ fl«d!in do not require 

polyseccharide,. P^n^.n^of cS^^^^ c "s aL. recent work h« shown thai 
the interveotior* of T ceHs and o ,„d cor^taining only one 

„occ.pl*U pep««e o^^ with complete 

carrier specificity in the anamnestic antibody re$ponse. 

B. Structural Requirements of Antisen* for Cell Cooperation and Lymphocyte 

Activation 

. m.rii>ted bv identical detetminanU on an antigen molecule has been 
Cell cooperatiott '"''''"'/^''^^y ^^^^^^^ ^^^^^^ «,uh diFferent spacers (Goodman et al., 
.„v«tigaled u«ng a se les ° ^^^^""^^^^^^ ^„ f,„„d waj a good corte- 

.sin£::7:::.point^^^^^ 

cooperation. Thus the strUCiwaJ requirements for cell irlggennj tor y 
differ markedly. 

C. Structural Requirements for Induction of Immune Responsiveness *nd 
Immune Suppression 



CHj — CH3 



Figure 



OH 

5 (p-Hydroxyphenj^DP'opane-Wobenzens-p'-arsoMte (RAN). 
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oilier charged moieties could subsiUuie for arsenate wiihoui loss of iiiimunogcnk'tiy. On 
lh6 other liand. fcmoval of both churgcd groups From iht lyrysy) side cixmi) completely 
aboluihed immunogeniclty. TI»J.i nonimmunogenic amiloguc of RAT with a propyl side 
c\\m was dQsigfiaicd (p-hydroxyphcnyJ)-propart«.azobcn«nc-p'.arsonate or RAN (see 
\% S). 

Since RAN 15 a very dose analogue of IIAT, and lacks perceptible inmjuao^enicity. 
ii ha« been used lu look at the structural rcqolrementj for toIcroBentcity. RAN» as well as 
RAT, induces spcciiic unrcspoiiiivencss to RAT when Immunued with Incompleu bui 
not with complete Pre und's adjuvant, as measured by delayed hypersensitivity and aniigcn- 
Induced ONA synthesis. Thus a compound without perceptible immunogenicity is 
capable of rendering T cells unresponsive. AUhough not clearly proven yet, ii seems likely 
that this phenomenon i$ mediated by suppressor T cells. 
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Immunosuppressive Macrolidcs 
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IN eonwsi 10 the cytfie pepilfle, SwdtownuDC [eyeio- 



FK606 

Hew «u nC 90e «H«v«d ^ pwtWl '»*^"»; 
oueoce of ibe dhcway «rS»ndimmuBC. iwesrehm ftow 
SeFVito** Co *««t«l » lookftf mwdtaBauwPVP* 

Samples. TT«di«"«VrfFK5Q6i«l«*dii^ 
eitvioiHly deicrlbed Sireptownt oo the ten « i« 

were perfoTBied »nd Jn)»tt««»pprOTy« m mW 
were dMOvMvd. X-»y ■nlrla ind til* ttaodatm ^{is 

ttpcriiBCBiBl tiMiplaWWRm vaMs. Oat year Wer l»e 

Conai CengiBi of *e T^msptoiifiwi Soemy in HeWft- 
U.» The fcw use of fX 506 for Bver, kMa^r. 
uvkiiplanwibm was puMUhea ta I9W* by SwU, followed 

(TaMe t). 




1964 



82 



t Mm. N Inamurt: Ww*f of inviHino$w«wi offvM « 
1995 

A Kwoda »i aJ and TTafla « at: Oetoimhittw t» *ww» 

T Goto, T >*w: lifflmTO«wwi»>« 6l FKWlft vltto 
T OcW « and N hafnura « ait Dtowsnr * »r^^ 

lUpimycin is ii miooMc uiibloUc like FK 506. iind 
wiib it xnaAy suuciural fuLures (F« 3). 
■mil cwnpound has been taww iioet 1975, ^hcn iU 
stiDCWt aiwJ aniifiina^ properties were repoiiw. Air 
though ii$ imwunosuppr^ri VP »dmty wts yj«[»^ 
in 1977, lis pftiembl in irtwphinUtiOD was not niltwd 
tohifl CaliK Rponcd ihe tot data in I9B9 (tabic 2), 

FK 506 AND FUPAMWN AF« Dl86!MlLWl IN 
EJCPERIMEMTAl MODELS OF ALUERaiC 
COhTTACr oeRMATmS 

Both FK S06 and rapamyop ha^c bc« reporxed w lave 
eAnmarabk Immunosupptrtsive poiency to vluo and m 
vlv6.^ Both compounds bhWi T-ceU actfvAiloft, bui by 
dlffertnl model of attton.*'* Based on thii jnfonnftuon. 

From Iho Depirtmard of Owwrtolortf. SandK Reitaieh InsU- 

AfMreu 'mtN rvquvstti to Anion Sate» OvpanmaM d 
lolooy. SanM Rasevch InsMar. A*123S Vlama. Bniiv^r- 
i^iaaa n, AutwU. 
# by AppMftn & Ungo 

T/8'»ip£anu^ FhX.*^, vo»a^. Mo «. Swpi 2 tAW«)- "iWZ: 22-85 
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Mdum 

1 xAOrrSnPO 



«ndiMPi 



Guif»«pig 

SUnMehnouind 
adnata 

Cynoffteffiiamofiitor 
bsbn 



ana ftwuminfi im T ccHi ptey « m»jor »te » altesie 
corOBcc aermaiiiii ind ovher inflaminwwyAyptrproblitri' 
live ikia diseaacl, wc pahmtd t compirallvt suwy «» 
iW topical elficwy ofFK 50<, rapwvdn, CyA, a«J the 
conlcMcroM) dewmcihasiJiK »ml clobewsol to wklmal 
modtb Df alletBic tOBWCi dtrmaiiiis.^ 

The anJmib used m iMs ^wdy wot mJce. ^mw pits, 
domcscfc pIb*i wid cyncmrfgiis monkey*. The »lle«en« 
were owzolone is mice tnd I3NFB In Ihc oihsf »mjrinb. 
Psnicutaf envhBSJ* wSK siv«> " P»« 
iioi betn rcponcd Or ja Previpu* P^annieoto^ 
swdfev Pias have bwa uaeJ . beeaui« ihttr skin closely 
r«ixud to hvmin stun. ^ ^ ^ 

After weslitotioD. Ae cb)l]eae« pwform«i wi day 
12 cm the donoUtwal back of ihe aDtmaJti and the W 
wtci went ucntfid iwicc (30 mhiulw atfid 6 houn after 
cballcnsc) ^'th dn4 vcMcto or aclWe co mpoun d prtpva- 
tkw, H*aJi»aUon of ihc ireatmenlfUalodrfal* wiipo^ 
ronncd al ifacpcak of Uk Mammatory ^^^P^^"^^ 
after cWlenBC). Each t«l tte was cvalwiad viswtty tor 
grtrti cbansci (fc. inic«ily and opansj •'yU«ma and 
induraiioo). Skin color wu dttcnm'ned mii a reSwcnvo 
color mcawremcpi. Mwrovnitular v^^i^ *M 
suitd with a IVriftux User Perkier Pafu»)n Monitor 

In ihe pig modd^ the sundard «rticosiefoid«. dc»p 



KAeihasono and dobeiasol. ^ aoive Kcording (o iholr 
Itlaiiv^ Pdcney. FK S06 dcmowtraiod do»^^ndcnl 
activity and pfO^'td owre poicot \han even ddb«a»ol to 
contrast to FK 506, ihe awicturally rdaud lapnmycUi 
iirnied oui to be topically ttietfecilvc in the pift modal. 
•Ithoufih both compovndJ hawt been rcpoitfd lo be immii- 
rv3(uppreftianu of comparabtepoitncy b«h In viiroand m 

Fur\bermofe. uoBkt CyA, toptea} rapamycin d d not 
lAhkWi conwi hypentnp-iWtey-lftdiiced pit»n&l iwelUng of 
niifie. Here asaki, FK 506 was highly potent ai conccmraj 
tioni »i low 3$ 0.01% tTablc4). Since FK 5«» aUo »ho««d 
cSicicy "m cynomrtcuj monkeys, these siudio» 0ve evi- 
dence lhai lopieai appKcaUoo of FK SOS^ypc compounds 
m«Kk hive ihcnpeutic potential in skin diaeavct. In addi* 
don. ihcse findtng^ false the issue as to what mechanisms 
vt involved ircontadbypencMiiiirtiyAiducca inflamnw- 




IPTS ArtU^n0fladWy,-tyfliuio-5NS^atii;JA*^ 
1S77 hr^^iwuppntt^ 
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TNfflBITION OF IN VITRO IMMUNOGLOBULIN PRODUCTION 

BY RAPAMYCIN^ 

HONGYU LUO,« HUIFANC ChEN." PIERRE DaLOZE.' JOSEPH Y. CHANG." GaLES^ST^LOm^^^ 



Like FK606, rapamycin, a structui-al analog of 
FK506, is a strong immunosuppressaiit* The innnuno- 
guppressive effect of Rapa in in vitro IgG, IgM, and IgA 
production by human lymphocytes was examined in this 
^dy. To inhibit spontaneous or pokeweed mitogen- 
URnulated production of Ig by human peripheral blood 
lymphocytes* about one thousandfold lower concentra- 
tions of Rapa (ICm = 0.3 nM-2 nM) were required than 
of cyclosporine (ICbo = 0.3 |iM-2 jiM). T cells were the 
direct targets of Rapa, because preincubation of T cells 
with Rapa abolished the T cells helper effect to T-dc- 
pendcnt Ig production. Rapa also had direct suppressive 
effect on B cells, since Rapa suppressed IgG production 
by pure B cells stimulated with IL2 and Staphyhcoccus 
Qureita Cowan I- Kinetic studies measuring IgG produc- 
tion and cell proliferation revealed that Rapa acted at 
the activation stage of T and B cells. Exogenous IL2 
substantially reversed the inhibitory effect of CsA but 
not that of Rapa in Ig production. This study is the first 
report on the strong suppressive effect of Rapa on hu- 
man humoral immune response with a quantitative com- 
parison with that of CsA, The underlying mechanisms 
are also explored. The results indicate the potential 
usefulness of this drug in treatment of presensitized 
• transplantation patients, with whom cytotoxic Ab is a 
[ major obstacle to a successful transplantation. 

, ^jfttapamycin is a lipophilic natural macrolide produced by 
I Streptamyces hygroscopicus NRRL 6491 (2). It was first rc- 
f, ' ported in 1975 ae an entifiingalp antibiotic, and antitumor drug 
' , (2, 3). Subsequently, its immunosuppressive effect was docu- 
i mented by Martel (4), who showed that Rape inhibited exper- 
t ' imental allergic encephalitis' and adjuvant arthritis in rats. 
? ' Rapa is similar in structure to FK506 (5), a new Smmunosup- 
f ' preseant that is tenfold to one hundredfold more potent than 
I: cyclosporine. Several groups {6, 7) have now shown separately 
t \ that Rapa is fiftyfold to eightyfold more effective than CsA in 
i ' rat heart and kidney transplantation. Similar results have also 
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been obtained in large animals such as pigs and dogs (6). Rapa 
is also able to induce graft tolerance (fi, 7) and is effective in 
reversing ongoing rejection of kidney, pancreas, and heart 
allografts in rata (S). 

Rapa strongly suppressea T cell proliferation in mitogen- or 
anti-CD3/PMA-stimulated cultures, with one hundredfold the 
efficacy of CsA (9). However, unlike CsA or FK506. Rapa does 
not suppress early-phase T cell activation genes such as IL2, 
1L3, IL4, TNPa, IFN-y. OM-CSF, c-myc, or c-fos (JO). To date 
there is no documentation of the effect of Rapa on human 
immunoglobulin production 

In this study, we demonatrate that Rapa strongly suppresses 
in vitro immunoglobulin production by human peripheral blood 
mononuclear ceUs, and that both T cells and B cells are its 
direct targets. We also show that the supprtesive effect of CaA, 
but not of Rapa, in Ig production can be partiaUy reversed by 
IL2, 

MATERIALS AND METHOi^S 

Reagents. Human recombinant IL2 was purchased from Genome 
Co. (Boston, MA), pokaweed mitogen from Gibco/BRL (Oaithersburg, 
MD), Staphyhcoccus aureus Cowan I (SAC)* 6om Celbiocham (La 
JoUa, CA), and Lymphoprep ficm NVCOMED (Oslo, Norway). RPMI 
1640, fetal calf serum, penicillin-streptomycin, and L-glutamine were 
ordered from Flow Laboratoiy (McLean, VA), RAPA waa a gift from 
Wyeth-Ayoral Research (Pjincoion, NJ), and CeA a gift from Sandoz, 
Canada (Laval, Quebec). 

Cell caifurt. PBMC were iaolaied from the heparimzed blood of 
healthy donora with Lymphoprep gra<^ent according to the manufac- 
turer's instructions. T cells were obtained by rosetting PBMC with 2- 
amlnoethyUfiothiouronium biomide (2-AET)-treatBd sheep red blood 
cells and subsequently by separeting twice the rosette-forming cella on 
Lymphoprep gradient ( j;, This T cell fraction normeUy contained 
< 1% B cello ((3320'") and < 1% monocyies (M02*), The nonro^tting 
cells were further depleted of T cells wiih one more cycle of SRBC 
roaetUng, and the final fraction represented non-T celte that normaUy 
contained < 1% CD2* cells, 30-40% CD20* cells, and 40-60% M02* 
cells. For preparation of toneiUar B cells (12), mononuclear cells were 
first isolated by centrifugation of gently dispersed tonsiUar cells over 
Lymphoprep. T cells were depleted with two cycles of SRBC rosetting. 
This B eeU-anriched populaiion contained 96-99% B cells (CD20*), < 
1% T cella (CD2*}p and < 1% monocytes (M02*). For in vitro 
production, cells were cultured in 48.well plates in RPMI 1640 supple- 
mented with 10% FCS, 2 mM L-glutamlne, and antibiotics. Samples 
were in duplicate. All the experiments were repeated 3 times or more, 
although only the resulu of representative ones are shown, 

Radioimmunottssaya. IgG. IgM, and IgA in the culture supernaiants 
were meawred with RiA ee described in a previous publication (fS). 
Briefly, 9B-well polyvinyl microliter plates (Dynatach, Alexandria, VA) 



* Abbreviations: 
Cowan I. 



CHX, cyclohojcimidc; SAC, Stophyhcoccua aureus 
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were CQBtcd with 100 of I&G fraction of »heftp antiserft specific u> t. 
u or a chains in carbonate buffer (pH 9.0). After the plaies were 
blocked with Hanks' solution containing 10% FCS, 75 *il of wst samples 
WAS added to the welle. After overnight incubation, the wells «ere 
wBshed and reacted with 76 mI of radiolabeled affinity-purified sheep 
antibodiea to human 7, m, or a chains. The pUtes were finally washed, 
and wells were cut and counted individually in a 7 counter. 

Assays for 'H'thymidine uptake. «H-thymidine vptake wes used as 
an indicator for cell ptoliferBtion. T cells trom PBMC or B cells from 
tonails were cultured at 2XX0» cells/200 Ml/well in 96-well plates. Cells 
were puked with 'H-thymidine (0.5 MCi/well) for 6 hr before harvest 
end thymidine upUke was measured in a ^ scintillation counter. 
Samples were in quadruplicate. 

RESULTS 

Strang inhibition by Ropa of spontaneous and PWM-stimu- 
lated 1$ production by PBMC of normal individwi^. The effect 
of Rnpfl on Ie Dtoduction was studied in in vitro spontaneous 
and PWM-stimulated cultures of PBMC. In a 7.dBy culture, 
Rapa at 1 nM suppressed epontaneouB IgG, IgM. and IgA 
production by 81%, 90?&, and 43%, respectively (Fig. lA). and 
suppressed PWM-stiroulated IgG. IgM, and IgA production by 
37%, 48%, and 69%, respectively (Fig. IB). In both cases, Rapa 
was about one thousandfold more potent than CsA to cause 
50% inhibition of maximal production. To exclude the posei- 
% bility that Rapa suppressed the PWM-stimulated Ig P»^<i^cUon 
by shifting the optimal responsiveness of PBMC to PWM. 
different concentrations of PWM were used to stimulate 
PBMC- Figure 2 shows that this is unlikely, since the optimal 
dose of PWM (0.016%) for IgG stimulation was not altered in 
the presence of 0.1 nM Rapa, and the inhibitory effect of Rapa 
cannot be reverted by any concentrations of PWM. 

We next examined the kinetics of the inhibitory effect of 
Rapa on Ig production. Total PBMC fronn normal individuals 
vere cultured for 12 days in the absence or presence of 0.25% 
PWM. Rapa (1 nM). CsA (1 mM). or cycloheximlde (CHX. 10 
fig/m\) was added to the cultures at day 0 (the day cultures 
started), 2, 4. 6, 8, or XO. Supernatants were collected at day 12 
and measured for IgG. Figure 3A shows that spontaneous IgG 
production occurred predominantly between day 4 and day 10 
according to the decreased inhibitory effect of CHX when it 
was added late in the culture. Addition of Rapa at day 8 or CsA 
at day 6 no longer had inhibitory effect on the IgG levels. In 
PWM-stimulated cultures (Fig. 3B). the m^or portion of the 
accumulated IgG was produced between day 4 and day 8 ac- 
^ cording to the cultures with CHX. and both Rapa and CsA 
P were only effecUve in suppressing Ig production when added to 
the culture before day 2. These results suggest that Rapa acts 
on the early stage of T and/or B cell activation which leads to 
Ig production. The different kinetics of inhibition between 
spontaneous and PWM-stimulatcd PBMC probably reflect the 
different epceds of activation by raitogenic components in the 
culture medium (such as FCS) versus by PWM. since the 
spontaneous proliferation of PBMC peaks at day 5, while 
proliferation of the PWM-stimulated PBMC peaks earlier at 
day 3 (data not shown). 

T cells as direct turgeU of Rapa. To determine the direct 
target cells of Rapa in the process of Ig production, we first 
atudied the effect of Rapa on T cells. PBMC were separated 
into highly purified T cell (more than 98% CD2*) and non-T 
cell (< 1% CD2*) fractions and cultured separately. After 72 
hr. T cells were extensively washed and returned to non-T cell 
fraction at a ratio of 2:1, The mixtures were cultured for an 
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FIGURE 1. Rapa inhibits apontancouB and PWM-stimulated Ig pro- 
duction by PBMC. PBMC (0.75X10* cella/ml/weU) werB cultui^ ei^er 
in medium (Fig. lA) or in medium supplementad with 0.26% Fwm 
(Fig IB). Various concentrations of Rapa or CeA aa indicated ware 
addsd at the beginning of the cultures. Supematanta were coUecUd at 
day 7 and Ig levels were xneaaurtd with HIA. The experiment waa 
repeated more than three dmes. and results of a represeritativa exper^ 
iment are shown. The rtsults are expressed as mean ± 1 SD. 

addiaonal 7 days, and the IgG levels were measured. The results 
as shown in Figure 4 (columns 1 and 2) indicated that without 
T cells, the IgG production by non-T cells was not enhanced 
by PWM. This was consistent with the notion that PWM- 
stimulated Ig production is a T cell-dependent process (J^). 
and it also indicated that the contamination of T cells jn the 
non-T fraction was minimal. When the T cells preincubated in 
the medium were returned to non^T cells and the muctute was 
subsequently aUmulaied with PWM, the IgG production in- 
creased by more than twofold as expected (column 3), whi^i 
cells preincubated with 1 nM Rapa failed to respond to PWM 
and did not provide help to non-T cells (column 4). T celb 
activated by PWM for 72 hr followed by extensive wash could 
enhance IgG production by non-T ceUs in the subsequent 
culture (column 5), although the IgG level in this instance was 
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* ** CONCENTRATION OF PWM ( * ) 
WiouRfi 2. RapadoMnottltertheoptimdreeponsivenesflOfPBMC 
•bWM. PBMC (0.75X10* ceUe/ml/weU) were cultured for 7 days with 
s TcSoui concenuationa PWM in the absence flr presence of Rapa 
(0.10 nM). SupemAtants were collected at the end of culture end 
me&Bured for IgG with BIA. The exparimeat wbb i«peated nio« than 
• three tiroea. and reaulta of a repreaentative experiment are ahown. The 
i resulU are expT«aaed as mean ± 1 SD- 



lower than that In the sample where T cells were not treated 
but PWM was added in'the eacond Stage (column 6). This may 
be due to the fact that S-day preincubation vfith PWM has 
already let T cells pass the optimal period to help B cells in 
terms of lymphokinee or cell-cell interaction. When T calls 
were preincubated with PWM plus Rapa (1 nM), they were not 
able to help B cells at all (column 6). These results demon- 
strated that T cells were direct targets of Rapa in the process 
of T-ceU-<Jependent Ig production, and that Rapa was able to 
condition resting T cells or mitogen-activated T cells to abolish 
their helper activity for Ig production, . . «, 

Direct inhibitory effect of Rapa on B ceU Is producti^ We 
next investigated whether Rapa had a direct effect on B cells. 



0 a 4 « » " 

PAY OF INHlBllTOR ADDITION 




0 pWM 

■ cax J-"' 



employing a T-ceU-independent Ig Prt'duction syste^^^^ 
Wighly purified tonsillar B cells (> 98% CD20^ < 1% CD2*) 
were stimulated with IL2 and SAC, and IgG and I^M were 
measured 7 days later. Aa shown in Figure 5, Rapa inhibited 
production of IgG and IgM in a dose-dependent fashion. At 1 
nM, it inhibited IgG and IgM production by 91% and 95%, 
respectively. The kinetics of the inhibition was also studied 
(Fig. 6). Experiments with CHX again suggested that most of 
the IgG was produced between day 2 and day 6. Strong inhibi- 
tory effect, hoivever. was only observed when Rapa was added 
at the beginning of the culture (Fig. 6). Jf added at day 2 or 
later, the inhibitory effect was greatly diminished. These results 
showed that B cells were also direct targets of Rapa, and that 
Rapa acted predominantly at the early stage of B cell activation 
triggered by IL2 plus SAC 

Susceptibility of B cells in the early actiuatwn stage to anti- 
proliferatiife effect of Rapa. Resting B ceUs need to undergo the 
proliferation process to differentiate into Ig-producing celle (25, 
J6). We examined the effect of Rapa on B cell proliferation m 
order to understand the relationship between the antiprohfer- 
ative effect of Rapa and itfl euppressive effect on Ig production. 
Rapa at 1 nM had moderate antiproliferative effect for IL2 and 
SAG-stimulated tonsillar B cells in the first 3 days of culture, 
and no longer had such an effect after day 4 (Fig, 7 A), although 
the IgG production in a 5-day culture was stQl suppressed dose- 



D 1 4 • i 

DAY OF INHIBITOR ADOmON 
FiOURB 3- Time courae of Rapa in mhibitiop of fipontaneoua or 
PWM-eUmuUtad IgG production by PBMC. PBMC (OJSxlOC ceUe/ 
miywell) were cultuiwd fbt 12 dw m the absence (Fig. 3A) or pTfisance 
(FiE 3B) orO.25% PWM. Rapa (1 nM). CeA (1 pM), Or cydoheximide 
(10 pg/ml) was added to the cultures at day 0 (the day culmres started), 
2, 4. 6, 8. or 10, Supernatants ware collected at day 12 and mBSimed 
fir IgG ^th RI A The experiment wae repeated more than three timea. 
and rcButo of a representative experiment are shoum. The resuKa are 
expreased at mean ^ l SD, 

dependently (Fig. 7B). To exclude the posslbUity that Rapa*3 
failure of suppression of B cell proliferation measured at or 
later'than day 4 was due to its loss of biological activity during 
the culture period, fresh Rapa was added to the culture at 
different dates. The results (Fig. 70) showed that, if Rapa was 
freshly added at day 2 or day 3 and cells harvested at day 4 or 
day 5, respectively, it fafled to suppress thymidine uptake, 
although its suppressive effect was obvious when Rapa was 
added at day 0 and cells were harvested at day 2. These results 
demonstrated that B cells in the early activation stage are 
susceptible to Rapa*s antiproliferative effect. 

Partial reversal by IL2 of si^pressive effect of CsA, hut not of 
Rapa, on Ji production. We next examined whether inhibition 
of lymphokinc production was one of the mechanismfl for 
Rape's e«ect. ILZ was added to PBMC in the presence of CsA 
or Rapa, and IgG was measured 7 days later (Fig. 8). IL2 was 
able to partially reverse the suppressive effect of 1 |iM CsA. 
but it had no rescue effect on the cultures suppressed by \ nM 
Rapa. Additional experiments indicated that IL2 was not able 
to reverse the suppression by any lower dose of Rapa (data not 
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FIGURE 4. PretreatmftutofTceUs with Rapa Abolishes their helper 
activity for h Pioduction. T ceUs from PBMC were P«i^<:«,^^'l^J^' 
72 hr with medium, lUpa (1 nM), PWM (0,25%), or Firpa plue PW^ 
aa indicated on the left Aftfif extensive waeh. T celk were returned to 
non-T fraction at a ratio of 2:1 (T:non-T)- FWM (0-26%) wa« .oaed 
to some culturee a* indicated on the right. Th© mtiture (0.76X10* ceUy 
ml/w«ll) vaa cultured for an additional 7 daya and I?G levels ui the 
flapernatanta wera mewured with RIA. For colurona 1 and 2. oo T celte 
were added for the secondary culture. The experiment was repeated 
more than three times, and result* of a repraaentativo expenroant are 
shown. The reaulU are axprewad as mean ± 1 SD. 
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FIGURE RapflinhibxtBlL2 plus SAC-BtixnulatedIg production by 
tonsillar fi celU. tonsilUr B ceUa {0,SxW calWrnl/well) were cultured 
with 50 U/rol IL2 and 1/60,000 SAC in the presence of Rapa of diffwent 
concentrations. Supernatants were collected at day 7 and meaaurod for 
IgG and IgM with RIA- The experiment was repeated more than three 
timea, and roaulta of a lepreaentative expariment are shown. The results 
are exprtwed aa mean ± 1 SD, The epontaneous IgG and IgM produc- 
tion by B cellB *as 267.8±34.2 and 89.1±11.2 ng/ml, respectively. 

shown). Moreover, none of IL4. 1L6, nor IFN-y was able to 
reveree Rapa's inhibitory effect on Ig production {Table 1). 

DISCUSSION 

The present etudy for the first time reports the inhibitory 
effect of Repa on human Ig production, and provides a Quan- 
titative comparison of the efficacy between Rapa and CsA. 
Martel et al. (4) in 197'? documented that Rapa suppresses 
passive cutaneous anaphylaxis in rats, although the nature of 
the Ab was not characterized. Recently, Wicker et al, U?) 



FlCURE 6. Time course of Rapa in inhibition of Ig Paction by 
IL2 and SAC-stiroulated tonaiilar b caUs, TonslUar B wlb (0,OxlO« 
cells/ml/well) were cultured for 12 days in the absence or presence of 
SAC (1/60.000) and IL2 (50 U/rol). Rapa (1 nM) or cycloheximide (10 
«g/ml) waa added to the cultures at day 0. 2, 4, 6, 6, or 10. Supemalimts 
were coUected at day 12 and meamired for leG. The IgG levels in 
unstimulated or SAC plus IL2-Btimulated cultutee were 1001±47 ng/ 
ml and I8l3±2'?9 ng/ml. respectively. The experiment was repeated 
more than three times, end reeultfl of a representative experiment are 
ahown- The results are expressed as mean ± 1 SD. 

showed that Rapa inhibits murine B cell activation, but its 
effect on B cell function in terms of Ig production was not 

studied. . J 

Our data show that Rapa-pretreated T cells are attenuated 
in their capability of providing help to non-T ceUs for Ig 
production in the secondary culture (Fig. 4). Rapa La a hydro- 
phobic molecule. It can probably enter cells within 6 min and 
antagonije the effect of FK506 on histamine release from mast 
cells (Jfi). However, a short period (30 min) of preincubation 
of T cells with the drug had no obvious effect on T csUs helper 
activity for non-T cells (data not shown), but the effect became 
significant when preincubation was prolonged to 48 hr or 72 hr 
(Fig. 4). Such observations suggest that the effect of Rapa in 
this system is directly on T ceUe but U not due to releasing of 
intracellular or xnembrane-bound Rapa from pretreated T cell 
to non-T cells during the second stage of culture. This experi- 
ment (Fig. 4) further indicates that Rapa has an effect on 
unstimulated T cells (Fig. 4), and the moleculels) or pathways 
mediating Rapa's action seem to exist in both resting and 
activated T cells. Our data abo demonstrated that Rape can 
directly inhibit B cell function in terms of Ig production in a 
model where B cells were stimulated by IL2 atad SAC in the 
absence of T cells. ContrarUy, CsA at one thousandfold higher 
concentration faUed to consistently suppress Ig production in 
this model (data not shown). , , 

The mcchaniem of Rapa's effect is still under uivestigation. 
The drug seems to act at the activation stage of T and B cells. 
Rapa has been shown to inhibit Con A-stimulated proliferation 
of murine T celU only when added within the fust 24 hr (9). 
Similarly, Rapa significantly auppreases anti-IgM-stimulated 
proliferation of murine B cells only when added withm the first 
40 hr ( i 7). In those systems, T or B cells normally do not enter 
their peak of thymidine uptake until 48 hr (17, i9). Our resulte 
have substantiated such observations in the human model. 
Indeed, Rapa suppresses PWM-stimulated Ig production, 
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FiCURB 8. The supp«Mive eflEect of CsA, but not of Rapo. 
production can ba partially Averted by lU. PBMC d^ff ^J^Wml/ 
well) were c«lhi«d in the prt«nce of Jlapa (1 nM) or CflA {l-^U)^ 
indicated on the left IL2 (50 U/ml) was added at th* begmnmg of the 
culture. SupernftxantB were coUected at day 7 and meaattted for lifG 
with BIA. The experiment was repeated more than thiee timea. and 
results from a repMScntative eacperiment are ahown. The rewdte are 
expressed aa mean ± 1 SD. 

Table 1. Nonreversal by XW, 1L6. and IFN-7 of effect of Bapa on 
IgQ production* 



Added tOlhfe culUirefl 



IgG (ng/ml) 



Experiment 1 


Rapa 

Aapa IL6 
Rapa + IFN-7 


143.2±3.7 
26^3.4 
2S.7±3.2 
21.6±2.6 


E]cperiment2 


JUpa 

Rapa IL4 


67.1±6.8 
10.1±0.9 


Experiment 3 


FWM 

PWM 1- Rapa 
FWM + Rapa + IL6 
PWM + Ilapa + IFN-Y 


273,6i:8.6 
1344-0±25.3 
26.0±1.0 
3$.3±0.3 
27^±h7 



Day I of C«Uun 

Figure 7. Antiproliferative efTect of Rapa on SAC plus IL2-atim- 
ulated tonsillar B cells. (A) Time courte of the antipioliferaUve effect 
of Rapa. SAC (l:eO,000), IL2 (60 U/ml), and Rapa (1 nM) wwe added 
to the culture at day 0 and cells were harvested at day 2, 3. 4, or 5. 
Cells were pulsed with ^H-thymidine for the last 6 hr of the culture 
period. (B) EfTect of Rapa on IgG production and proliferation of SAC 
(1-60 000) plufi IL2 (50 U/ml)-fitimvlatftd tonsillar B cells m a 5-day. 
culture. All the reagents were added at day 0. Supernatants were 
harvested at day 5 for IgG measurement, and cells wew also harvested 
at day 5 with a 6-hr pulse of *H-thymidine. (C) SAC (1:60,000) and IL2 
(50 U/ml) were added at the beginning of the culture. Rapa (1 nM) 
was added at day 0. day 2, and day 3 and the thymidine uptake was 



'PBMC W.7&xjir ceiis/mi/wBuj were i,uiv«*i^ .v* . T^'^f;^ 
„M). PWM (0J25%). IL4 (16 ng/ml). IL6 (100 U/ml). and IFN-t (1000 
U/rol) were included as indicated. Supematents were collected at the 
end of culture and measured for IgG with RIA. 

which is a T-cell-dependent process, only if it is added before 
day 2 of the cultures. Proliferation and Ig production by SAC 
plus IL2-6tin»ulated pure tonaillar B cells are abo only suscep- 
tible to the inhibitory effect of Rapa within the first 2 dsya of 
culture. Tbeee results imply that Rapa's effect is cell stage- 
specific and is not generally cytostatic or cytotoxic. Further- 
more, these data suggest that in vivo Rapa may be more 
effective when administered early in T-cell-mediated unmune 
reaponse and may have less impact against fully activated T 
and B cells in tenns of antibody formation. 

One special feature of Rapa is that, unlike CsA and FK506, 
the drug has little inhibitory effect on the IL2, IL4, and IPN-7 
production by mitogen-activated T cells (iO, 50). B cell acti- 



measured at days 2, 4. and 6, as indicated. CelU were pulsed with "H- 
thymidine for the last 6 hr of the culture. 
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vfltion and differentiation is a multistage event regulated by 
several lymphokines. IL2 acts aa a competent growth end 
differentiation factor for human B cells (2i, 22), and part of its 
effect is mediated by the B cell autocrine IL6 (21). lU plays a 
role as a cocompetettceJactot^Pw^anti-M activation of B cells 
(23) IFN-7 primes B ceUs in a manner that amplifies aubse- 
auent mitogenesis {24), and it also regulates the isotype switch 
in the B cell differentiation (26). IL6 is one of the essential 
late-acting factors in PWM-induced Ig production (26). We 
employed lymphokine supplementation esperimenta 
ine whether suppression of the production of these lymphokmes 
is one of the mechanisms for Rapa'e effect in Ig synthesis. Qur 
data indicate that none of IL4, nor IL6 is able to reverse 

the inhibitory effect of Rapa in unstimulated or P WM-stimu- 
lated PBMC Therefore, the posaibiUty that Rapa suppresses 
Ig production via suppressing the production of these lympho- 
kines is unlikely. IL2 partially reversed CsA-induced mhibition 
of spontaneous ig production by PBMC, but it wais not able to 
rescue the inhibitory effect. This observation confirms one of 
the major mechanisms of action of CbA and highlights the 
notion that Rapa does not exert its immunosuppressive effects 
via a reduction of IL2 synthesis. 

The strong suppression of Ig production may contribute to 
the effect of Rapa in preventing allograft rejection. Currently, 
Tre are examining the effect of Rapa on Ig production in an m 
vivo rat model, with special interest in the secondary humoral 
response, which is more relevant in prescnsitized patients. 

Acknowledgments. The Authors thank Mb. Joanne Audair, Ms. Fiflti 
Lowry. end Ms. Caruien Rodriguea for excellent eectotarial aBsistance. 



REFERENCES 

1. Vezina Kudelski A, Sehgal SN- Rapemycin (Ay-22,989), a new 

entiftmgal antibiotic; L Taxonomy of the producing streptomy- 
cete end iaoIaUon ef the active principle. J AntiWot 1975; 26; 
721. 

2. Bake^ H, Sidorowicz A, Sehgal SN, Vezins C. Rapamycin (AY- 

22,9B9), a new antifungal antibiotic: III- Jn vitro and in vivo 
evahjBtion. J Antibiot 1978; 31: 6$9. 

3. Eny CP. Sehgal SN, Verina C. Activity of rBpamycin (AY-22,989) 

againettianaplantedtamors. J Antihiot 1984; 37: 1231. 

4. Martel JlR, Kliciw I Grolet S- Inhibition of the immune responfie 

by rapamycin. Can J Pbyaiol Pharmacol 1977; B5: 48, 
6. Harding MW, Galet A, Uehling DE. Schtelber SU A receptor for 
the immunoauppreasant FK506 ia a cis-trajie peptidyl-proJyl 
isomera«6. Nature 1939; 841: 758, 

6. Calne RY, ColU^r DStJ, Lim S, et ai. Rapemycin for imniwo- 

eupprcBflion in organ allogrefling. Lancet 1989; 2; 227. 

7. Moiiifi RE, Meiaar M. Identification of a new pharmacologic action 

for an old compound. Med Sci Res 1989; 17: e09. 

8. Chen HP, Wu J, Luo H, Daloze PM. Reversal of ongoing rejection 

of allogrftftfl by rapamyCm. Traneplant Ptoc 1991; 23: 2241. 

9. Dumont FJ, Staiuch MJ, Koprak SL, Melino MR, Siga) NH. 

Distinct mechanisine of fiuppresaion of marine T cell activation 
by the related macrolidea FK-B06 and rapamycin. J Immwiol 
1990; 144: 261. 



10. Tocci MJ, Matkovich DA, Collier KA, et al. The immunoavwr** 
aant FKBOe selectively inhibitfl expreasion of early T cell acU-. 
vation genes. J Immunol 1989; 148: 718. 

11 Wu J, Sehon AH. Sarfad M, Delespease G. Demonctjation of 

intracytopleemic IgE in circulating lymphocytes of allergic mdi- 

viduQls. Cell Immunol 198S; 92: 321. 

12 Fargea8C,WuJ,LuoH,SaifatiM,D6leflpeB5eG,WuJ.l,25(OH)2 ^ 

vitamin D3 inhibits the CD23 ctpreswon hy human peripheral | 
Wood monocytea. J Immunol 1990; 146: 4053. -.^ 

13 Sarfati M, Rector E, Rubio-Trcgillo M, Wcng K, Sehon AH, 

DeleepMse G. In vitro syntheaifl of IgE by human lymphocytes: 
III. IgB-potentiating activity of culture eupematanta from Ep- 
fitein-Berr virus (BBV) traneforroed B cells. Immunology 1984; g 

14 HiranoT»KuritaniT,KishuDOtoT,YamamuraY. In vi:ro immune | 

response of human peripheral lymphocytea: L The mecbaniam{8) 
involved in T cell helper fonction in the pokeweed mitogen* ^ 
stimulated diflerentiaUon and proliferation of B celle- J Immunol : 
1977; 119: 1235. . . u ' 

AO. Jellnek DF> LipaKy PE. Th« of B cell preliferaUon m tb» 
generation of immunoglobulin-Bacteting ceUe in man. J hnmunol a5 
1983; 130; 2697. 

16. ShigetaM.TakaharaS,KnoxSJ>hihoraT,VitattaES.Fathman | 

CG. Two independent pathways of helper activity provided by * 3 
ainde T ceU clone. J Immmiol 1986; 138: 84. 

17. Wicker LS, Bolt2 RC Jr, Matt V, Michols EA, Peterson LB, Sig*l 

NH. Suppression of B cell activation by cyclosporin A. FKB06 
and rapamycin. Bur J Immunol 1990; 20: 2277, ' .^i 

18. Depaulis A. Cirillo R, OiccartiU A, Condotelli M. Marone C.g 

FK506, a potent novel inhibitor of the releaee of proinfiammatoiy 
mediators from human FcJM* cells. J Immunol 1991; 146: 2374. | 

19. Metcalfe SH Richarde m Cyclosporinfi. FK506, and repamycm: 4 

Bome effects on oarly activation events in aerum-freei mitogen- ^ 
fitimulated mouse apleen cella. TranHplantation 1990; 49: 798, 

20. Bierer B. Mattila PS. Standeart HF. et al. Two dieUnct signal 
transmiBsion pathways in T lymphocytes are inhibited by com- .. 
plexes formed between an immunophilin end either FK6O6 or * 
rapamycin. Proc Natl Acad Sci USA 1990; 87: 9231. 

21. NakagawaN.NakagawaT.YolkmanDJpAmbmaJL Jr, Fauci AS, V 
The role of interieukin 2 in inducing Ig production in a pokeweed - 
mitogen-Btimulated mononugUar cell system. J Immunol 1987; 

. 138; 796. 

22 Xia X, Lei HK, Clark SC. Choi YS. Recombinant interieukin 2- 
induced humen B coll difTerentiation ie mediated by autocrine 
ILG. Eur J Immunol 1989: l»s 2275. 

23. Paul W. Pleiotropy and iredimdancy: T cell-derisfsd lymphokinee 
in the immune reaponae. Cell 1989; 57: 621. 

24. Boyd AW. Tedder TF. Griffin JD. et al. Pre-expoeure of reaUng B 
cells to ittUrferou-T enhances their prolififtrative response to 
BUbscquent activation signals, CeU Immunol 1987; 108: 355. 

25. Finkelmfln PD. Katoaa IM, Mosmann TR, Cofftnan RL- IFN-y 
rtgulatee the iaotypea of Ig eacieted m m vivo humoral immune 
reeponees. J Immunol 1988; 140: 1(^22. 

28 Muragucbi A, Hirano T. Tang B, et al. The eeeftntial role of B.cell 
Btimulatoiy factor 2 (BCF.2/IL6) for the terminal differentiation 
of B cells. J Exp Med 1988; 187: 832. 

Recehred22 May 1991. 
Accepted 20 August 1991. 



"ROM : TYKOCINSKI. lab UPENN 



FfiX NO. 



215 573 5738 



Jun. 13 2000 0l:43Pri P2 



1240 



TRANSPI.ANTATTON 



plasnuc free calcium, and proliferation. J Immunol T986; 136: 

30 Ledbetier .1 A, PartonR M, Martin PJ. Haiwen JA, Rabinovitch PS, 
'tn CH. kntihody binding to CDS (Tp67) and Tp44 T ceU 

Sace molecule*: effects on cyclic nucleotides cytop .« 
calcium and cAMP-m*diated suppression. J Immunol 1986. 1^1. 

31 BeSn K. Dinarello CA. Mechanism of action of C.»A. Scand J 

Immunol 1984; 20; 43. , 
32. Bn.dt OS. Snyder SH. Isolation of nitnc %"*»\«^*g 
calmodulin requiring enzyme. Proc Natl Acad Sci USA 1990. 87. 

33 Cotombani PM. Robb A. Heaa AD. Cyclosporin ^ binjng to 
cZodulin: 0 possible site of action on T-lymphocytes. Science 

1985' 228-337. 

34. UGrvie SJ, Munn CG. Compariaou of the irnmunosuppreflsive 



effects of cyclosporine, lipid-aoluble anesthetics and caliao<^|tt^ 
antagonists. Transplantation 1987; ^2; $79. 

35. Wells MS, Vogelsang GD, Colombani PM^ Hess AD. CydoipoHm 

binding to calmodulin. Transplant Proc 1989; 21: 850. 

36. Handschumacher RE, Harding MW, Rice J, Drugge Rj. 

sporine: a Hpccific cyto^oUc binding protein for cycloaporiot 
Science 1984; 225: 544. 

37. Takahashi N, Hayano T. Su2uki M, Peptidyl-proyl 

merase is the cyclocporin A -binding protein cyclophilin. Nuttit 
1989: 337: 473. 

38. Colombani PM, Bright EC, Wells M. Hess AD. Drug-dnig iata,^ 

action between cyclosporine and agents affecting calcium-^ 
pendent lymphocyte proliferation. Transplant Proc I98d; 2l:a4flL 

Received 5 July 1990. 
Accepted 22 October 1990. 



004M 337/91/5106-1240$03.00/0 
'fRANfiPUNTATlON 

Copyright© 1991 by WiUiama & Wilicma 



Vol. 51» 1440-1244. No. 6» Jua* ™, 



jht © 1991 by Williams & w iiicina 

rr™ uwuirrTt! OF IMMtrNOSUPPRESSrVE AGENTS ON IN 
™fT™SluC™ OF HUMAN IMMUNOGLOBULINS' 



CoLtEEN Stevens, Neil Lempert, and Brian M. 



Tmnsptantatton Immunoiogy Laboratory. 



Department of Surgery. Albany Medicai CoBegt. Albany, New York : 



We have eval«*ted the effects of CsA, hylpre<tai9- 
Alone (MP) 6-mercaptoporine (6-MP), and FK506 on T 

Production FK506 and 6-MP were potent mhib tors of 
?Si SgM production by PWM-stimulated peripheral 
W«rmononuclear.*ells. which depend on f^P^^^ 
of T cells. CsA was less effective in this system and MP 
fctuS" enhanced IgG and IgM production. I« o'der to 
^ the dTect effects of these various 
SSve aeents on B cell8,^e utilized hum^ B cell bnes 
rf^e^nStf Sfferent stages of B cell differentiation. 
S^TSu UnTcESS ani SKW6.4 exhibit increased 
I^duetlSn o?S} and IgM. respectively, 

jSllv differentiated, B cells. CsA inhibited IL-6-lnaucea 
nrSuSnto CESS cells by 64%' at 100 ng/ml and 

Neither CsA nor 6-MF effectively inhibited nj-6-»n- 
SfcXSpriuction b5^-SKW0.4 ceDs. MP JSO ng^ 
SI Suited IL-6-induced IgG production «>y 8»%.^ut 
"„banced IL-S-induced IgM product^^ "^'fj^^r teM 
fc^S VKltiG did not inhibit IL-6-induced IgG or Igoi 

GnmUAI25561andAl26484.. \ ^^^^pi^tation 

; ' Address correspondence to: 'Dr. Brtan Freed, ^^Pj"'^^'^, 
iJZZ l^^^^^ ^-^24 iA^^} Albany Medical Col- 
lege, Albany, NY, 12208. 



The«c experiments cleaxly demonstrate that C»A, ft^ 
and 6-MP hav« direct inhibitory effocU <>=Lt^^^^^' 
of human B cells to IL-6. In contrast, FK506 b«J ij 
direct effect on these B cells Unes, but more pciMi 
than the other ageuts at inhibiting T ceU-depetttf«^ 
immunoglobulin production. m 



There has been marked improvement in the survwal of ""jgiL 
aUografls since the introduction of CsA into clinical tberaD«wr-^ 
protocols. The improvement is probably due to the 
inhibitory effects of CaA on T cell responses, which axe t 
to be the predominant cause of acute rejection m tne 
posttransplant period. Although the involvement of 
immunity in graft rejection has also been documenteow, 
the effecte of CsA and the other immunosuppresww a«» 
B cell responses are poorly understood CsA, FKSOe, 
purines have been shown to inhibit immunoglobulm pi 
in vitro (4-7), while steroids have been reported to 
this responae (S. 9). The difficulty m assessing the « 
these agents on B ceU responses is da? to the 
activation, growth, and differentiation depend on^^ 
of interleukins 4. 5, and 6. which are P~<l«f If 
macrophages {10^12). For exainpte, ^« P«>^J^^^!^ 
noglobulins by PWM-stimulated B ceUa has been s^ 
S^Sendent on T cell help US-lBh Thus, it is often 
.distinguish between the direct effects of an ^f^^^^ 
agent on B cells and indirect effects mediated through 
on accessory ccUs. The preaent study was performea JP ^ 



(he effecti 
fljethylpre* 
lins by no 
different s 
lilies respr 
poglobulin 
aifferentia 
ihat spont 
ftflge in B 



purified Cs- 
Hiiuted in a 
Jine to w( 

pfovided an 

further dilui 
t^(Osak. 
aatadinP 

(fom the Ar 
ii i human 
a patieni 
^ifCercntiati 
ctll$(ms 
tbatref^nt 
cflgM-secn 
iofcction of 
{SO)andsp( 
from a bone 
Ayeloma ai 
ttaintained 
MD) supple 
KC/ml genta 

im. 

Ceiiprolii 
iioUted froi 
Uifugatton i 
padding 0 
latvity 2 C 
QA^ glasa fi 
a1 of scintii 
MnLSldO' 

tmmunos 

SxlO* cells/ 
collected aft 

iMUlIgMp 

. cells. IL 
W these cell 

: ttW 6.4 o 
Elected aft 

' fcCpioduct 

I *lluwa(P< 

' hk leveU . 

^*ted,witi 
; .**laction I 

'^Cwere 



•FROM- : TYKOCIhGKI lab UPEHH 



^.21: 54a 




iponif 

uts fiO 
potent 
indent 



ipeutic 

pottst- 

lougbt 

ati'db 
ib.,«,V. 



FPX NO. : 215 573 5738 



STEVENS ET AL. 



Jun. 13 2000 01 :44PM P3 



effects of CsA» FK506, 6-mercaptopurine (S-MP),* and 
^ihylpfednisolone (MP) on the production of immunoglobu- 
U^5 by normal human B cells and B cell lines representing 
Afferent sUgcs of maturation. The CESS and SKW6.4 cell 
U^cs respond to iiuerleukin-6 (IL-6) by up-regvalating immu- 
^globulin production and represent activated, but not fully 
jj^erentiated, B cells. IM-9 and HPMI1788 are B ceil lines 
(jj5t spontaneously secrete immunoglobulin and represent a 
in B cell maturation analogous to that of a plasma ceil. 

MATERIALS AND METHODS 

Beagew. Interleukin 6 was purchased from Genzyme (Boston, MA), 
pojified CsA, a generous gift of Sandoz (E. Hanover, NJ), was recon- 
stituted in absolute ethanol and further diluted in phosphate- buffered 
(giine to working concentrationa. Methylprednisolone aodium succi- 
nite (tfpjohn Co.» Kalamatoo, MI) was reconstituted in the diluent 
Provided and further diluted in PBS. The 6-inercaptopurine (Sigma, 
St, Louis. MO) was reconstituted in warm (37*C) absolute ethanol and 
(jfther diluted in PBS. FK506, a generous gift of Fujisawa Pharmaceu- 
tieals (Osaka, Japan^ was reconstituted in absolute ethanol and further 
fhitsd in PBS to working concentrations. 
CtlU. CESS, SKW 6.4, RPMIITSS, and IM-9 cell lines wei« obtained 
the American Tissue Culture Collection (Rockville, MD). CESS 
U i human lymphoblaatic cell line isolated from the peripheral blood 
of t patient with myelocytic leukemia (77) and reaponds to B cell 
^££ferentiaUpn &ctors by an incieaae in the number of IgO-secreting 
eiilt U8). SKW6.4 is an Bpstcin-Barr virus-positive human 8 cell line 
responds to differentiation factors by an zncraaae in the number 
fiflgM-secreting cells U9), The RPMI1788 ceU line originated by EBV 
infKtion of peripheral blood leukocytes of an apparently normal mule 
I and spontaneously secretes IgM. The IM-9 cell lims waa initiated 
ftom a bone marrow sample taken from a female patient with multiple 
myeloma and spontaneously secretea IgO (2i). All cell lines were 
Baintained in RPMI 1640 ( Whittaker M.A. Bioproducta, Walkersville, 
MD) supplemented with 50 U/ml penicillin, 50 /ig/ml streptomycin, 25 
Kg/ml gentamicin. and 10% fetal bovine serum (FBS, Hyclone, Logan, 
IfT). 

(kil proliferxUion, Human peripheral blood mononuclear cells were 
iwlated from the blood of normal volunteers by density 'gradient cen- 
tiifugation as previously described {22), DNA syntheaia was measured 

adding 0.6 mCi ^H-TdR (EI DuPont, North BiUerica, MA; specific 
ifitivity 2 Ci/mmoi) per 200 m1 of cells for 18 hr, and then harvesting 
enco glass fiber Alters. The Alters were dried and then suspended in 2 
ol of scintillation fluid, and counted in a scintillation counter (Beck- 
ato LSlSOi). 

ImmunoglobuUn production by B cell lines. IM-9, RPMI17aa, CESS, 
ttd SKW 6.4 were cultured in 24*well plates at a concentration of 
^10* ceUs/mL Supematants from IM-9 and RPMI 1788 cells were 
«ollected after 48 hr and assayed for IgG and IgM. 'respectively. The 
oeth IgG pDodttctiftn-t^ IM-9 w«B 268.6±2I4 ng/lO* cells and the 
8wan IgM pioductlon by the RPMI 1788 oeH line waa 143-5±39.6 ng/ 
W cells. IL-$ did not increase the level of immunoglobulin produced 
^these cell lines. Recombinant IL-6 (50 U/ml) was added to CESS or 
6.4 cells at the irtitiation of culture, and supematants were 
^Jlected after 48. hr to assay-for IgG and IgM, respectively. The mean 
Y' production b^the CESS cell line after stimulation with IL'6 was 
1^9±98.6 ng^O* cells, representing a 2896 increase over unstimulated 
^mres.fiVirO.OOS), Mean IgM production in the SKW ceU Une was 
2;lt23,9 ng/lO* cells, repreBenting^aJL87% increase over unstimulated 
levels (P<0.0OO4). Background IgG and IgM levels were sub- 
with' the- results 'representing the increase in immunoglobulin 
'''duction upon stimulation withvIL-6. 

Pokew^td mitogeri'mduced IgG^and IgM production by PBMC 
J^C were cultured at 10* cells/ml in -RPMI 1640 supplemented with 
i^PBS in 24-well plates andstimulatecNyith 100 M«/ml PWM (Gibco,* 

lAhbreviaticnA: MP, methylpredl2\lJkoIone^8-MF. 6-mef<captopurine. 
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Grand Island, NV). Supematants were collected on day 7 and assayed 
for IrM and IgO, Mean IgM production was 93.9*45.4 ng/lO" cells and 
IgG production was 292.0±282 ng/10'' cells. Background levels of IgM 
and IgG production in unstimulated cultures were subtracted 

ELISA mucsurement of human IgM and IgG in cell culture supema- 
tants. Enzyme* linked immunosori>ent assays were used to quantitate 
IgM and IgG levels in supematants from PBMC and 8 cell lines, 
MicroELISA plates (Immulon I, Dynatech) were coated with 100 >ig 
(0,i ml) of goat antihuman IgG or IgM (Tago, Burlingame, CA) in 40 
mM NajCOs^ 90 mM NaHCO>, 8 mM NaN, overnight at 4*C. On the 
following day. the plates were washed with 0.025% Tween 20 with 
0.02% NaN, using a Skatron miniwaah. The cell supematants were 
added to wells and incubated at room temperature for 2 hr. The plates 
were then washed extensively, and 100 d of goat antihuman IgM or 
IgG conjugated to alkaline phosphatase (Tago), diluted as suggested by 
the manu£ftcturer in 0.13 mM RHTA, 3 mM NoN,, 0.069t Twc«u 20. 
and 0,25^ BSA fraction V, was added to each well. The plates were 
then incubated for 2 hr at room temperature, washed, and 100 n% (0.1 
ml) of p-nitrophenyl phosphate (Sigma) in 9.7^5 diethanqlamine, 3 mM 
NaN,, and 0.5 mM MgCU was «dded. The pUtes wete read by a 
microELISA plate reader (Dynatech) after 30 min. Quantitation of 
IgM and IgG was done by probit analyaia using a standard curve of 
calibrated human serum (Sigma). 

RESULTS 

Effects of CsA, FK506, MP, and B-M/on, PWM^&timulated 
IgM and IgG production by normal human PBMC. To assess 
the immunosuppressive potential of these agents on T cell- 
dependent B cell responses, the agents were added to PBMC 
cultures 1 hr prior to the addition of PWM. Figure 1 shows 
representative dose-response curves of the effects of these 
agents on PWM-stimulated IgM and IgG production. CsA, 
FK506, and 6-MP inhibited PWM-induced and IgG pro- 
duction in a dose-dependent manner, but MP enhanced both 
IgG and IgM production. Adding CsA or PK506 24-48 hr after 
PWM progresfilvely diminished the inhibitory effects (Fig. 2), 
suggesting that they inhibit early events in B cell activation or 
that they affect T cell or monocyte responses. In contrast, 6- 
MP was inhibitory regardless of when it was added to the 
culture, indicating that its action is not necessarily dependent 
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FxGUR£ 1. EHecta of CsA, steroids. 6-MP, and FK506 on PWM- 
induced immunoglobulin production by PBMC. Agents were added 1 
hr prior to the addition of lOO .Mg/ml PWM, and siqMmaUnts were 
collected on day 7 to aasay for IgM (O) and IgG (#) production by 
ELISA. Backgrotind IgM and IgG production by unstimulated cultures 
was Aubtrocted. DaU arc repreaentative of 4 separate escperimenta. 
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Time of AddiUon of Immunosuppres$ive Agent 
Figure 2. Effects of time of addition of immunoauppressive agents 
on PWM-induced immunoglobulin production by PBMC. Agents at 
1000 ng/ml were added atwhe times indicated relative to the addition 
of PWM. Supernatant* were coUectcd on day 7 to assay for IgM (filled 
box) and IgG (Hatched box) production by £USA. Dau ere represent- 
ative of 3 separate experiments. 

on the Stage of B ceil activatioti. Although MP enhanced 
immunogiobuljn production when added prior to PWM. it 
iDhibited this response when added 24-48 hr after the mitogen. 
This observation indicates a relatively complex regulation of 
^immunoglobulin production by glucocorticoids, 

Effecjts of CsA, FK506, MP. and G-MP on spontaneous and 
11^6'induced immunoglobulin production by B cell lines. To 
determine if the Immunosuppressive agents had direct effects 
on B cells, we examined their effects on immunoglobulin pro- 
duction by B cell lines. As shown in Figure 3. CsA inhibited 
spontaneous IgG production by IM-9 ceUfi and spontaneous 
IgM production by RPMI 1788 cells by <10%. PK506 was also 
relatively ineffective at inhibiting spontaneous IgG production, 
causing <20% inhibition at concentrations below 500 ng/ml. 
These data suggest that the CsA and FK506 would be relatively 
ineffective at inhibiting antibody production by plasma cells. 
MP and 6-MP inhibited spontaneous IgG production by 40- 
50% at 250 ng/mU but IgM production was more resistant. 

The addition of 50 unita/rnl IL-6 to CESS or SKW6.4 celb 
enhanced IgG and IgM production, respectively. CsA inji^ited 
IL^6-induced IgG production by 64% at 100 ng/ml and 6-MF 
inhibited this /e^^ac by 82% at 250 ng/ml (Fig. 4)- This 
observation suggests that CsA has a direct effect on the re- 
sponse of B ceUs to IL-6. However, CsA^and 6.MP. had ve^ 
little effect on IgM production induced by iL-6. MP inhibited 
IL-6-induced IgG production by 89% at 250 ng/ml, but en- 
hanced IL-6-induced IgM production by greater than two-fold. 
This observation ^could be due to major differences m the 
regulation of IgM and IgG production or to differences. in Wie 
-two ceU lines that produce these immunoglobulins. FK506 did 
not inhibit either IgG or IgM .production in these ceU Imes, 
suggesting that j.t§iinhibitory effect on immunoglobuhn pro- 
duction is not due to a dlr^f effect on the ability of B cells to 
respond to IL-6. " 

AU of the agents were tested for their effects on prohferaticn 
• of the B ceU lines. Agents .were adde^ at 1000 ng/ml at the 
•initiaTion of culture and the effects on^^NA synthesis deter- 
mined. Only 6-MP inhibited the proliford^ion of th«K» t^ell lines 



400 flOO 000 1000 0 200 400 600 too tOOO 

Concentration (ng/ml) 
Figure 3. Effects of CsA» steroids, ^MP, and PK606 on spontiP 
neous immunoglobulin production by B cell lines. RPMI 1788 and IM- 
9 cell lines were cultured at 5^10* cells/ml for 48 hr with or without 
the agents indicated, at which time aupematants were collected from 
RPMI 1788 to assay for IgM (O) and from IM-9 to aswy for IgG {•) 
production by ELISA. Data ore repreeentativa of 3 fiOparate expon* 
ments. 
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Figure 4. Effects of CsA, steroids. 6-MP, and FK506 on 
induced immunoglobulin production by B ceU lines. Agento wwe •«»^ 
1 hr pKor to the addition of 50 units/ml IL-S to 5xl0»/ml C* 
SKW6.4 cells. Supematants were collected from ^I^^^-^^ jl 
assay for IgM (O) or from CESS to assay for IgG (•) P'**^ 
BMSA. Background IgM and IgG production by unstimulated 
was subtracted. Data are representative of 3 separate e, ^ 



(Fig. 5), which is consistent with the known effects of 1 
rines on DN A, RNA. and protain syntheaia. 

DISCUSSION 
The experiments reported bare clearly demonstrate 
6-MP. and FK606 are potent inhibitors of T celw 
immunoglobulin production by B cello. However, usuig 
cell lines representing more mature stages of B V^] 
differentiation, we demonstrated that only CaA and^' 
direct Inhibitory effects on the response of B c^^^ 
.contrast, it has been r<»ported that CaA has no e»^ 
response of activated human tonsillar B cella to a crucwa 
differentiation factor preparation (23). These ' 
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1000 



Concentration (ug/ml) 

FiCURB 5. Effect of 6-MP On B ceU Une proliferation. Various 
copoentrations of 6-MP were added to SxXO* ceUa/rol of CESS (A) 
SKW6.4 (A), (O), and RPMI im (•). Calls were puUed with 
Vr<JB at 24 hr azia hatvegted 18 hr lat^r. Data are representative of 
3 separate experiments. 




be due to the fact that we quantitated immunoglobulin produc- 
tion rathw than antibody-secreting ceUs. Although their data 
itiggBSt that CaA did not decrease the number of cells respond- 
ing> the amount of irnmunoglobulin produced by each cell may 
have been suppressed Studies evaluating B cell responsee in 
transplant recipients receiving CaA have ahown that B cell 
proliferation and immunoglobulin production by PBMC stim- 
ulated with the B cell mitogen Staphylococcus aureus Cowan 
lie significantly depressed in comparison with normal controls 
(24). The addition of IL-2 or B cell growth factor to the^ 
cultures enhanced the response but did not restore proliferation 
or immunoglobulin production to control levels. Our study 
luggests that these findings may be due to the ability of CsA 
tp block the response of B cells to these growth factors. CsA 
tad FK506 have been reported to inhibit the activity of differ- 
ent peptidyl-prolyl isomerasea, both of which appear to be 
important in the proper folding of proteins that bind to the IL- 
lg«ie enhancer region (25-28). However, the fact that FK506 
ifid not inhibit IL.6-induced IgG production suggests a funda- 
ittental difference in some of their immunosuppressive effects. 
> The immunosuppressive effects of steroids were remarkably 
diveise. MP enhanced PWM-induced IgM and IgG production 
.^en added. Prior to the mitogen, but was inhibitory when 
Jflded 24t-48 hf laterTThia observation, coupled with the finding 
*«t MP inhibited spontaneoua and IL-6-induced IgG produc- 
^ suggests th^t glucocorticoids may inhibit antibody pro- 
*ction primarily by ajjirect effect on B cells. However, MP 
^ced IL-€-induced IeM production by SKW6.4 cells. This 
*tference may^^reflect different regulatory pathways for IgM 
^IgG production. In support of this hypothesis, gkicocorti- 
2* have been shown to have both positive and negative 
.^jcts on gene expression via interactions with steroid recep- 
2* glucocorticoid response elements (29, 30), Altema- 
^^y, the diBCTcht e^fects of^steroids on IL-6-induced IgM and 
^production may be related to effects on IL-fi-receptor 
^§ ^^^^^ linesi^teroids have been shown to 

S?.*"** expression of IL-6 receptors on endothelial cell lines- 
g^-i* but we have not yet studied this effect on the B cell lines. 

antimetabolite 6-MP inhibited PWM-induced IgM and 



kO production regardless of when it was add^d to the cu/ture. 
This finding indicates that the immunosuppressive effect of 6- 
MP 13 not limited to early activation events and may reflect 
mhibuion of protein synthesis. The 6'MP inhibited sponta- 
neous IgM and IgG production in B cell lines, and it also 
mhibited IL-6-induced IgG production by CESS cells, but had 
no effect on IL-fi-induced IgM production by SKW6,4 cells. 
These results correlate with the effect of 6-MP on the prolif- 
eration of these cell lines, suggesting that the immunosuppres- 
sive effect of 6-MP may be associated with its antiproliferative 
properties. 

Significant improvements in early graft survival have been 
achieved in transplantation in recent years. However, antibody- 
mediated rejection appears relatively resistant to current im- 
raunosupproasive protocols and may a^ect long-term graft Sur- 
viyai {32, 33). Prevention or reversal of antibody-mediated 
rojecUon may therefore depend on the development of immu- 
nosuppressive protocols that affect late stages of B call growth 
and differentiation. 
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l^thallv irradifttad and syngeneie ?o°«,"^.'*^"'[*" 

the DBAya mastocytoma eomparea m»n no^ 

Sradiated Uttermate controls. Th« radiatagn-rndttj^ 

Sltfi^s'^S affiSoa. this phenomenon was not de- 
iTbLTwoA ^ oupporwd by Gtnnta CA.27599 CA.27955 fWm 
the National Institutes Of H^. Traimng 

•L.W. Kwak was supported by a Phyaiciana neseaiwi 
FeUowd.ipfx«mth.)^erieanC^cerSo«^^ Ph.D., Division 
■ of (SS. Room M207.Stanford.Vmv«rsity Medical School, Stan 
foid,CA9430&, 



teotable in adult thymectomized i«>cwiente. W 
the requirement for an intact host thymus. ThM 
wL also absent in syngeneic Fi male recipients.' 
suecest that lethal irradiation and marrow recos- 
Uon may resolt in activation of a nonspecilte ^ 
effector mechanism against tumor J*""!"**?' ^ 
may serve as a model to exMore the graft-anti 
effect of bone marrow transplantation. 

The immunosupprtsaive effects of ionizing radiation are 
recognized in radiobiology and medicine. Recently. 
■ there has been growing interest in scenungly pa«doac9i; 
munostimulatoiy effects of radiation under c^t^n c 
,tancea (I ). Stimulation of immune cell production by lov 
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SUMMARY 

A newly developed immunosuppressive drug, FK506 (Fujisawa, Japan) is known to inhibit T-ccU 
immunity. We have evaluated the action of this compound in MRL/lpr mice which develop a severe 
autoimmime disease. Eight-week-old female MRL/lpr of mice were treated sutxiutaneously with 2 
mg/kg (high dose), 0*8 mg/kg (mediimi dose), 0-2 mg/kg (low dose) or solvent only (control) six times 
per wwk. Survival times of the mice were prolonged in the medium and the high dose treatmcni 
groups. The lymph node swelling was dramaticaily prevented with the high dose treatment. The 
increasing footpad swelling seemed to be also suppressed with the treatment FACS analyses of the 
.spleen cells revealed that FK506 reduced the percentage of double negative T cells (Thy-L2*, Lyt-2-, 
L3T4-). Serological studies showed that anti-ssDNA and anti-dsDNA activities were significantly 
reduced by the high dose treatment, which is different from recent findings with Cyclosporine A, The 
high dose treatment also suppre,^.<«d the total amount of IgG, even though the IgG concentration was 
rather Increased by the medium dose treatment. Decreased proteinuria as well as pathological 
evaluations of the kidneys and lungs indicated that there were marked ameliorations in these organs 
with the treatment. These results suggest that FK506 could be potentially used for the treatment of 
autoimmune diseases. 




INTRODUCTION 

MRL-lpr/lpr mice develop a spontaneous and aggressive 
autoixTjnune disease, which resembles human systemic lupus 
erythematosus (SLE). The characters of the generalized autoim- 
mune disease include marked ly mphadenopathy, auto-antibody 
production, lupus nephritis, interstitial pneumonitis, arthritis 
and premature death (Murphy & Roth, 1977; Andrew el al., 
1 978). Neonatal thymicctomy had a significant suppressive effect 
on the disorder (Steinberg et a/., 1980; Theofilopoulos et ai, 
1981) and the lymphadenopathy consists primarily of the 
abnormal proliferation of T cells with a unique phenotype 
(Morse 1982). Thus, it isgcncrally believed that T lympho- 
cytes play an important role in the pathogenesis. However* 
other factors ar« involved in the development of this complex 
type of autoimmime disease (Davidson et aU 1984). 

Several immunosuppressive drugs, including Cyclosporine 
A, have been used to treat MRL-lpr/lpr mice (Smith, Chused & 
Steinberg, 1984; Iscnbcrg et al., 1981; Okudaira et al., 1986; 
Mountz et al,, 1987). The results of these experiments have 
contributed to understanding the more precise . mechanisms in 

Corrcspcndcnc^ii Or K- Yamainoto. Wpt. of Mcdidnc and Physical 
Thcrtpy. Faculty of Medicine, University of Tokyo, 7-M. Hongo. 
Bunlcyo*tni, Tokyo. Jajwin 1 13. 



the autoimmune phenomenon of the mouse. In the prtM< ] 
study, we applied the newly developed iimnunosuppi 
compound, FK506 (Kino et al, 1987a, b; Thomson, I» 
which is knovm to inhibit especially T-cell immunity, to 
experimental tn?atmcnt of MRL-lpr/lpr mice. Wc found 
FK506 had strong inmiunosuppressi ve effects on several 
of the autoimmune disease. 

MATERIALS AND METHODS 

Wee 

MRL-lpr/lpr mice (breeding pairs provided by Dr MwpbjM 
Jackson Laboratory, Bar Harbor, ME) were bred in thcCcflg^l 
Institute for Experimental Animals (Kanagawa, Japafl). 
animals were specific pathogen free. 

FK506 administration and the experimenial protocols 
FK506 (Fujisawa Pharm. Co. Ltd, Osaka, Japan) ^s*^*^! 
(irrier solvent (HCO-60 and D-mannitol) was diluw*' 
phosphate-buffered saUne (PBS). Eight-week-old W 
MRL-lpr/lpr mice were administered subcutancously | 
week. For control, mice were given the equivalent dose ^j^^^l 
solvent and PBS. For dose-rtsportfie analyses, 2 ^^^^^\ 
high dose, 0-8 mg/kg/day as a medium dose, and 0*2 rag/kff^. j 
as a low dose treatments were used. Other expenmen» ^1 



222 



TYKOCINSKI lab UPENN 



FPX NO. 



215 573 5738 




Immunosuppressive compound FK506 



Jan. 29 2000 0i:03Pri P2 



223 



with the high dose tjreauneni and Uic placebo 
The adenopathy was evaluated as scores. The dia- 
af each palpable lymph node was measured and graded as 
• 0 0-5 ^ 2, 11-15 mm; 3, 16-20 mm; 

5 {doi* The total score of each mouse was the summation 
. iddividual scores of the lymph nodes. Proteinuria was 
' d scmi-<iuantitatively by colorimetric reaction with 
\ paper (Sanfcyo. Tokyo, Japan). The measurement of 
I footpads was performed with a dial thickness gauge 
Tokyo. Japan). 

;cal evaiuation 

\ and lungs were removed, fibced in 10% formalin and 
according to standard techniques. These sections 
" mined with bamatoxylin and aoftin. 

assayed for anti-single stranded ($s) DNA or anti- 
stranded (ds) DNA activities of IgG and IgM classes by 
'^linked immunosorbent assay (ELISA) as described 
ffa et al, 19S1). In brief, the denatured ssDNA was 
^ by boiling a solution of calf thymus DNA (10 Mg/ml, 
ij Sigma, St Louis, MO). The dsDNA was produced by SI 
■'^*e treatment (Takara Shuzo, Kyoto, Japan). The DNA 
abound to the wells of microtitre plates which were 
ted with poly-L-lysin (Sigma). The plates were blocked 
\% bovine scrum albumin (Sigma) plus 0*5% bovine 
-» globulin and serial diluted test sera were incubated, 
waging peroxidase-conjugated goat anti-mouse IgM, or 
ouse IgG antibodies (Capped U.S.A.) were added. The 
/ was measured by 0-phcnylenc diamine solution (0-4 
) and Utertex Multiskan. A mixed sera from old MRL- 
: mice was used for a standard and 10(X) units were the 

nt of each activity in this scrum. The measurement of 

■ immunoglobulin concentrations was performed by radial 
diffusion plates (The Binding Site> Birmingham, U.K.) 

^ iWotw^ and flow cytometry 

" cell suspen^ons of splenocytes were incubated with 
icinateid monoclonal anti-Thy-k2» anti-Lyt-2, anti-L3T4 
^ "on-Dickinson, U.S.A.) of anti-B220 (kindly supplied by 
K. Oktwnura, Juntendo University) antibodies and were 
I by a fluorescence-activated cell sorter (FACS). 
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Fiture 1. Effect of FK506 on survival of female M XtL-lpr/lpr mic«. Mice 
of each group (a-9 mice) were treated -with subcutaneous injection 6 
times per week (—a— FKS06 2 mg/kg; —a— FIC50^ 0-8 tag/kg; 
— •— JFK506 0-2 uig/kg; — O— control). 
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Figure 2- Effect of FK506 on the lymphadcnopathy of MRL-lpr/lpr 
mice (each group consisted of 8^9 mx»). The adenopathy was evaluated 
09 scores as described in the Material and Methods ( — O — control; 
—A— FK506 0-8 mg/ke; — FK 506 2 mg/kg>. 



/ anatysis 

1 significance of differences was analysed by Student's 

* or Wikoxon rank test. 

«»■ 

RESULTS 

i 

^ Of *TC5Q6 on tlie sarrival tinie of MBWpryipr mice 

to evaluate the effect of FK506, subcutaneous ii^cction 
*'^BCI a week) was started on 8-week-cl4 female MRL-lpr/lpr 
high dose (2 mg/kg/day, 8 mice), medium dose (0-8 
day, 7 mioc), low dose (02 mg/kg/day, 8 mice) or carrier 
_ > t (for control, 9 ujioc). As shown in Fig. U katf of the 
2*0* mice died prior to 25 weeks old- Orutlie other hand, 
*II mice in the high and medium dost groups survived to 
**Et. Thus it was concluded the high dose and the medium 
^ therapy significantly prolonged the survival time of 



MRL-lpr/lpr-TUice compared to the control treatment. The low 
dose treatment also seemed to have some effect on the survival. 
At the age of 25 weeks, body weight of mice in each group was as 
follows; control group, 43'2± 3-4 g; low dose group, 43-4 ±4-9 g; 
medium dose group, 39*8±2'6 g; high dose group, 36-7± 3-2 g. 

Effect of FK506 ofi the tympfaadenopatfay 

The iymphadenopathy was evaluated by scores as described in 
the Materials and Methods. The placebo-treated mice graduaUy 
developed the lymph node sweUing (Fig. 2). The high dose 
treatment of FK506 completely prevented this hyperplasia. 
Mice treated with the medium dose showed interitediatc siae of 
lymph nodes between those of the control and the high dose 
treatment. The low dose treatment did not have a significant 
effect on the lymphadcnopathy (data not shown). 
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Figore 3. Effect of FK506 on the hind fooipad swelling of MRL-lpr/lpr 
mice (5 xnice in each group) (— o— control; — # — FK506 2 mg/Kg). 
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Figure 4, Effect of FK506 on proteifluria. Proteinuria was determined 
Scmiquantitativdy by colorimetric reaction. 



Artfarids 

MRL-Ipr/lpr mice arc also known to develop spontaneous 
arthritis (Hang, Theofilopoulos & Dixson, 1982). For the 
evaluation of the effect of FK506 on the arthritis, the thickness 
of the hind footpad was measured (Fig. 3). FK506 high dose 
treatment significantly suppressed the swelling of the hind 
footpad at the age of 28 weeks (Po{W§38} = 0-016, Wilcoxon 
rank test). 

Effect of FK506 on ln{Hi$ nepbrStb and interstitial pneqmonitis 

Proteinuria was scmi-aquantitatively estimated. The high dose 
treatment suppressed the amounts of proteinuria (Fig. 4). This 
finding was also confirmed by the histological analysis. Mice 
treated with high dose FK506 (2 mg/kg/day, 9 mice) and mice of 

placebo trcutmcnt (9 mirc) wen* Iciiled at the ago of 4 6 months 



(3 mice every month) and the histological chan 
compared (Table I). Figure 5 shows the rcprescnutiv ^ 
In the kidney of the control mice, there were markM*^^ 
infiltrations around arteries and the anerial walls 



" Zi lue anenai wails we, 

ened. The glomerulus were enlarged and lobulated 
ccllularity in the glomerulus was also recognized n?*- 
contrary the kidneys of FK506-trcated mice were^* ^ 
nearly normal. ^ %\ 

MRL-lpr/Ipr mice also develop spontaneous ini ' 
pneumonitis (Okudaira et aL, 1986). The thickening of 25* 
scpU and the infiltration of mononuclear ccUs were obsZ?^ 
the lung of control mice. FK506 clearly suppressed thed * 
ment of this pneumonitis (Table I » Fig. 5). ***** 



Serological analysis 

Sera were collected individually and the anti-ssDNA 
dsDNA activities of IgM and IgG classes of each 
evaluated by EUSA. Control mice gradually develoV^ 
of anti-ssDNA and anii-dsDNA activities and IgM cl- 
dsDNA (Table 2). On the contrary, FK506 high dose'twahi; 
significanUy reduced the activities. The medium dose t^^Sj 
also seemed to have suppressive effects on the most of antiSttI 
activities, even though no statistical significance was ob^^ 
compared to the control. Next, total IgG were evaluated 
single radial diffusion plates. The high dose treatment « 
the IgG concentration. Interestingly, the medium dose 
ment rather enhanced the IgG concentration (Table 3). 

Changes of spleen cell phenotypes with FKS06 treatment 

FK506 dramatically suppressed the hyperplasia of 
nodes, Thus, it was rather dijficult to obtain a proper a 
lymph node cells from mice treated with FK506. In au^ 
with the effect on the lymph node swelling, the weight of i; 
was significantly reduced by the FK506 treatment (For cxl 
at the age of 6 months, control mice had 800 ± 350 mg of Ji 
and FK506 mice possessed 250 ± 1 20 mg of spleen). In on 
investigate the effect of the treatment on the different < 
populations, 6-months-old mice were killed and the sin^ 
suspensions from spleen were analysed with monoclonal! 
bodies and FACS. Control mice exhibited a high pmd' 
(420±8'5) of double negative T cells (Thy-L2*, Ly 
L3T4-), which is characteristic for this mouse. FK506 p 
inantiy suppressed the percentage of this abnormal cdl \ 
tion (Table 4). 



DISCUSSION 

FK506, a newly developed immunosuppressive compound^ 
significant^effccts on the survival time, lymphadenopi 
autoantibodies, nephritis, arthritis, interstitial pneumoiu'tii 
the abnormal proliferation of the double negative T 
'MRL-Ipr/lpr mice. These results suggest that this c 
could potentially be used for the treatment of human 
mune diseases. It was also shown that FK506 had a 
immunosuppressive effect on allograft rejection (Ochiai if^ 
1987; Inamura et a/.,1988a) and coUagcnMnduccd ^'^^jS 
(Tnamura et al., 1988b) in rats.; JSt 
The similar immunosuppressive effects on MRl'^P'^E 
mice have been reported with Cyclosporin A (Smith, Cft 
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Table 1. Histological evaluation of kidney and lung from FK506-treatcd MRL-lpr/lpr mice 



Table Z Effect of FK506 on anti-DNA antibodies in MRL-lpr/lpr mice 



Anti-dsDNA 
(units)* 




IgG 



660±364 314±216 
244±213 NDt 
86±21§ 8±4§ 



32±U 51±I0 
70±57 ND 
18±20 13±5T 



369±in 476±229 363±132 362±2d3 
353±90 294± 274 218±139 175±169 
117±551 37±35§ 9±51f 6±l§ 



*Ofte thousand units are the anti-DNA activity of each class in the 
pooled standard serum from old MRJL'lpr/lp? mice. 
t£ach group consisted of six or seven samples 
;ND» not detetroincd; §>P<0 01; f /><CHK)5, 
** High dose was 2 mg^day; medium dose was 0*8 mg/kg/day. 

Table 3. Effect of FK506 on scrum IgG concenUa- 
tions (mg/ml) in MRL-lpr/lpr mice* 



Age 


S months 


7 months 


Control 


l3'7±2-8 


17'7±6-8 


Low dosCt 


17-3±l-5 


NDt 


Medium doset . 


290 + 2'8§ 


33-6±7-4" 


High doset 


5'2±2.4^ 


4'8±0-S1I 



• Four to six mice per group were tested indivi- 
dually by radial immuoodiffusion plates. , ' 

fHigh dose was 2 mg/kg; medium dose was 0*8 
mg/k^ low dose was 0'2 mg/kg. 

JND, not determined; §/'-i0005; t^<0'OI; 
**/><0'05. 
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Antigen 


B220* 


Thy. 1.2+ 


Lyt-2+ 


L3T4'^ 


Thy-!.2\Lyt'2-,UT4- 


Control 


55-2±l-3 


68-7±8-0 


85 ±1-9 


J 8-2 ±3-6 


42'0±8'5 


FK506t 


49'3±2-7 


40-4 ±12-5 


I0-7±2-4 


20-61 5-5 


9-1 ±4-7t 



*SiX"month-oJd mice (3 mice in each group) were killed and the spleen cell suspensions were 
analysed by FACS after staining with fTTC-conjugatcd n^onoclonal antibodies. Values were 
positive percentage of the staiaed cells. 



fThc dose was 2 mg/fcg/day. 
%P<OOX, 



Stainbarg, 1084; l9cnb«rg ef ti/., 1981, OkuUaira aJ.^ 198(); 
Mount2 et al^ 1987). However, there arc some differences, 
fintly, the dose of FK506 was -ny to is lower than that of 
Cyclosponn A. Secondly, our data clearly demonstrated that 
FK506 suppressed anti-ssDNA and dsDNA antibodies. On the 
other hand, recent data with Cyclosporin A showed that the 
anti-DNA antibodies were not affected by the treatment 
(Mountz ei a/., 1987). Therefore, Mountz et al, pointed out, 
anti-DNA antibodies might have no relation to the immuao- 
pathoiogy because Cyclosporin A nevertheless decreased the 
pathological changes in arthritis and glomerulonephritis. How- 
ever, there is ample evidence supporting the relationship of anti- 
DNA antibodies and lupus nephritis (Borci etaL, 1978; EHxon et 
al„ 1983; Yoshida et al, 1981; Brunca & Benveniste, 1979). In 
this regard* FK506 could be more effective on these autoim' 
mune mice because it suppressed T-ceil and B-cell immunity. 
The difference of IgG concentration in the sera from the high 
dose treated and the medium dose treated nuce is interesting. 
Although the reduced IgG with the high dose treatment is clear, 
the elevated IgG with the medium dose treatment could be in 
part affected by the reduced rhetunatoid factor by the treatment. 
This needs ftuther investigation. 

There were some differences in the body weight of mice 
between the control group and high dose group. It is known that 
MRL-lpr/lpr mice abnortnally gain weight perhaps due to the 
hyperplasia in the lymphoid organs, edema and some other 
mechanisms. Thus, it is possible to consider this body weight 
loss as a therapeutic effect of FK506. In fact, the high dose 
treated mice looked to be very healthy and active compared to 
the control mice at the same age. On the contrary, it is also 
possible that this body weight loss could be due to a side-effect 
(Inamura etd., 1988b). Recent experiments suggested that low 
caloric intake prolonged the life span of MRL'lpr/lpr nuce and 
reduced lymphp-proliferation (Beach, Gershwin & Hurley, 
1982; Kubo, Day & Good, 1984). However, it is eAtremely 
unlikely that the effects of FK506 on MRL/lpr mice could only 
be due to the food intake restriction. For example, calorie intake 
did not significantly redtice anti-DNA antibodies. Further 
studies should be carried out in order to know the possibilities of 
the side effects. However, at the present time, FK506 seems to be 
a quite promising drug for the treatment of alitoimmunc 
diseases. 
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Summary 

Anhoughlhe immediate receptors (ImmunophlllMlrt 
me lipmuno8uppre«»nte cyclosporin A (CaA) end 
RKOB are diallncl. Ihetr slmBer mechenlama of ln- 
Sn oTceHstsnallnBSUBaeet that their «i8oc«eied 

rru"ph,||n complexee tnter-cl with a common 
iargel.Wereporlherelhetthecomplexe.c^lopWim^^ 

CeA and FKBP-FK606 (but not oyclophUln. FKBP 
F^P.rep-mycln.orFKBP-506BD)competitlvelyblnd 

fo andlnh Jt the Ca-- and celmodulln^ependerj 
phosphetaae calcineurin, allhough the Wn-lnfl end 
bihlblUon ot calclnewrln do not require calmoduHn. 
ferine augflest that celcmevrinls.^^^^^^^ 
common uep associated with T cell "h^^I. '9^ 
receptor signaling pathway. *»t cy^lopWnn am^ 
FKBP mediate the actions ol CsA and FKSOfi, re^ 
MecUvi^y. hy tormlrm diug^ependenl complies with 
Waring the edlvlty o( calclneurln-calmodulln. 



Introduction 

complexes ol ImmunophiUns (immunosuppressanlAlnd. 
ing proteins) and Ihelr immunosuppressive llgands are 
prtX.g to be valuat)le reagents for probing signal trans- 
5u«lon pathways (Schrelber. 1991). Studies of T cell 
receptor rTCR)-medlated transcriplten and IgE receptor- 
mediated exocytosis wHh the Immunosuppressants cydo- 
sporinA(C8A)andFl<508suflfle8t*eextetencertawm. 
mw cyloplesmic step in these Ca»*-dependent signaling 
pathways (Hultsch ei aL. 1991). Rapamycin, an immune- 
Suppr Jsani structurally related to FK506. appears to a« 
upon a similar step that exists in distinct signaling path, 
ways associated with growth factor receptors (Dumont et 
al., l99Da). 

The biological properties of CsA and FKS06 are remark- 
ably similar (Johansson and Moller. 1990; LInet al.. 1991). 
Aside from differences in potency, the only distinction be- 
tween these two compounds in studies of their actions 
in T cells and mast oeUs Is their response to 
(Dumont et al.. 1990b: Blerer et el.. i990a; Hutech et 
al 1991) andfiOBBO (Bierer et al.. I990b; Hultsch ei al.. 
1991). These latter agenis block the actions of FKS06. bui 
not CSA. in Teells and mast cells. FKS08. but not CsA. is 



able to block the actions otrapamycm In T cells (Oumon^ 
ot al 1990b: Blerer el aU, 1990a). These results suggest 
that distlnd immunophiiins ere responsible tor medlaong 
meectlonsof CsAand |^$.arrfacon«t^on.mmunoph^ 
nn may be responsible lOr mediating the actions of both 
FK506 end r«pamycin. Much ^^Wf" 
that supports roles for cydophilm-CsA. 
«,d FKBP-rapamycin complexes in the inhibition ot the 
eforementloned processes. eWiough the relevant cydo- 
Dhllin and FKBP family momtiers have not been uniquely 
Setmod In most cases. The similaittlea in all other aspects 
of CsA and FK506 function suggest that their associated 
inununophllin complexes a« acting upon a tf^slbly -rn- 
mediate) common bwlogical target molecule that Is not e 
taigetolfte FKBP-rapamycin comptex.freeFKBP.orfree 

"^SSli" report the competitive binding of a human 
cyctopwrin A (or murine cydophUin Q-CsA complex and 
a human FKBP12-FKS06 complex to a common cellular 
laiget Oiflt Is not bound by either cydophUm A (or C). 
FKBP12, or FKBPIZ-rapamycln. The target is shown to 
be the CsT' and calmodolin-dependent sertna/lhreonlne 
ohosphatase calcineurin (Klee and Krinks. 1978; Klee el 
«i 1979; Stewart el al.. 1982). as well as a complex ol 
calcineurin and calmodulin. Calcineurin meets ihe bio- 
chemical requiremems of the common target ol immu- 
noohllin-drug complexes and thus is a potenual cornpo- 
nent d TCR and IgE receptor signaling pathways mvolved 
In transortpttan and exocytosis. 

Results. 

A Common Setot Proteins Bind to Cyelophllln-CsA 
end FKBP-FKBOe. but Hal Cyclophilln, FKBP, CsA, 
FKS06, Repemycln. or FKBP-RapamycIn 
A chimeric gene encoding a glutathione S-transferase- 
FKBP12 fusion protein (6FK) was constructed by fusing 
inecDNA encoding FKBPiatothat encoding the cerboxyl 
lermlnosof glutethlooeS-transferase (Smith andJohnson, 
1988) After transformation of the resulting construct. 
PGFK12, Into Escherichia coll XA90. induction with iso- 
pfOpyHJ-D-thiogalactopyrenoside (IPTG) yielded the lu- 
sion protein QFK as the major constituent of soluble, cellu- 
lar proteins. GFK was panlaUy purified by ammonium 
sulfate Iractionalion (40<«>-8D%). glutathione alTinity ehrc 
matography. and DE-52 anion exchange chromatography 
as detailed in Experimemal Procedures. GFK fr«clions 
after DE-62 chromatography were nearly homogeneous 
as ludoed by Coomassie Wue staining. However, several 
otherprolein bands were visible with sllverstaining (Figure 

1. lane 1). „. . . ... 

The rotemase activity of GFK and Its ability lo be inhib- 
Ked by FK506 and rapamycin were determined In the pres- 
ence end absence of reduced glutathione. GFK has rota- 
mase activity and affinities lor FKS08 and rapamycin 
similar to those of recombinant human FKBP12: further- 
more neither its rotamase activity nor affinttles tor the 
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Rguw 1 . Deieclion ol a Common Soi Of Proifllrtfi from Call Bftln Ex- 
irad Thai Bind to GFK-FK506 end GCyP^^, Oui No! GFK. GCj^, 
or GPK-Rapapiycln 

Thf luBton proleWiH 6FK trvd OCyP. whh or wlmowl ^tuq^, >nco- 
batfld wHh catr br Aki Qxtrod. GtotathlDP9-SflphafOM ww ihon added 
10 edaorb the tuslon proielw and Bs&ooiflted tsrgot proielna. Afttr 
ihrM WBfihM wHh the inCUlMUon buWer and 0.2% Triton X-100, ma 
Qluiaihiona-SepharOM was reHuapondwJ In SDS sampio Uiading 
butter, haaiad In botiino w««r. end aubjeciod to i2<>b SDS-polirecnri- 
amkJ© gel elaclrophorafli^. The 00i WU eUver aiainitd. Lena 1, QPK 
conlrti; lene 2. GFK plU9 ejOram; lanO 3, GPKp^TOOC pm exiracl; 
lane 4. GPK-rapamyCin plus extreci; lartfi 5. GCyP conlrol; lena 6. 
OCyP plus «xtreci; lane 7, GCyP-CeA plus axtmct. 



drugs are aflected by Ihe presence of slutaihione (data nol 
Shown), SimUar feBuHs were cAlained with a glutaihtona 
S-iransfaraae-cyctopWHri C fusion protein, GCyP. de- 
scribed In Iho accompanying paper (Friedman and Welas- 
man» 1 091 ). ihus, it appears that immunophUin and gluta- 
thione S-iransfefaeo domains act Independently In the 
fusion protein. 

Since it is known that both CsA and FK506 inhibit Ca**- 
dependent signaling paltiways (Lin et al., 1901), Oe^* and 
Mg^ were indudad in Ihe incubation buffer (see Experi- 
mental Procedures). Under these conditions, proteins of 
M, 61 ,000, 57.000, 17,000, end 16,000 from a calf thymus 
extract were found to be specincally adsorbed by the GFK- 
FK506 and GCyP-CeA complexes, but not by GFK or 
GCyP alone or the GFK-rapamycin complex (see Figure 
1). Furthemiorc, the some sot ol proteins was detected In 
other tissues such as bovine brain and spleen, with brain 
being the most reliable source. 

Competitive binding experiments were carried out with 
recombinant FKBP12 arxi cyclophilin A end their respec- 
tive drug complexes. Attar the set of lour target proteins 
was adsorbed onto the glutalhione-Sepharose affinity ma- 
trix, elution was attempted with immunophlllns, the drugs, 
or Ihe immunophilin-drug complaxes. As shown In Figure 
2, the set of four proteins can be eluied from a eFK-FK506 
alfinity matrix with both recombinant FKBP12-FK506 and 
recombinant cyclophilin A-CsA complexes. In oontrasti 
these proteins are not eluted by free Immunophilins or 
unbound drugs. In addition, the FKBPl2-rapemycln com- 
plex does not elute the target proteins (Rgure 2), In 
agreement with previous observations (Figure 1. lane 4). 
The ability of both cydophrlins A and C, when complexed 




IS^OO .-1..^ 17K0 

— — " ^ H*— 1BKQ 

14,300 — — 

Figures. In Vltto CompetUiem Experimamt with Racombinini 
PKBP12, cydophinn a, Indmdutl Orvoi. Immiwphilrt-Onig Com- 
plaxas, endEGTA 

The tour target proteins were flrat adsorbed onto Qluttthlone-BBpItt* 
fo«e uBlftg GPK-nC506 Show »n Rgiife 1 , lane a, Tt» imnw^^ 
GFK-FKSOS-^ar^el protein oofflplex wep then meubeted with the lol- 
kming: tana 1 , buner (ts oontni)'; laM 2, reeombmartt human FKBPiS; 
lane 3, PKSOS: latM 4, retpemyidn; lafM 6, FKBPIS-FKSOS; lane 6. 
FKOPI a-rtotinycin: lane 7, recombinant human cyetophHin A ;JenBB . 
CSA; IWie a, CyrtophUln A-CaA; and lena 10. EGTA. Tim ghrtalMOfiO*- 
Sepharo9e wtdi adsorbed OFK-FKS06 end bound target protein* wm 
pradpltited by oentmuostlon wid waibed twice beiore being eul^ 
jeeted to 12% SDS^AGE md ellvcr staining. The 12 kd pf«e»n bi 
lanes 2, 5. and a corre^iond& lo FKBP12 bom the lnci*aiton. 



to CsA, to interact with the same set of proteins is notewor- 
thy, as discussed below. 

Divalent Metal Ion Dependence of ImmunophUin 
Drug-Target Proletn Comptex Formation, and 
Purification of the Target Proteine 
by £GTA Elution 

V^n Ca^ and M^* were omitted from the Incubation 
buffer, no target proteins were retained by efther GFK- 
FK506 or GCyP-CsA. To funher test the importance ol 
divalent metal tons lor Interaction tjetween tmmunophiiin- 
drug complexes and laiget proielnSi the adsorption experi- 
ment was performed In the presence of the Ce^ chelator 
EGTA. GFK-FK506 and GCyP-CsA complexes no longer 
retained the target proteins when EGTA was present. In 
addition, EGTA was found to be capable of ekrtlng the four 
proteins from the GFK-FKSOe complex ImmobtHzed on 
glutalhione-Sepharose without a significant effect on the 
Interactions between GFK and gtutalhlone-Sepharosa 
(Figure 2, lane 10), 

6FK-FK506 bound to glutathione-Sepharose matrbt 
wasloadedwilhcalfthymus extract and elated with EGTA: 
analysis of the eiuate Is shown *tn Figure 3 (lanes 3 and 
6), Two contaminant proteins coelulo with the four target 
proteins, the 38 Hd GFK and a less abundant M, 26,000 
protein thai may be a glutathione S-lransferase either from 
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piQUta 3. Ca"-Depen<rt« 6.1 MoWllly Shift ol CfllmOd«*i. 17 kd 
and IS kd eOTA-Eluted T«rO»t Plolflln^ and CmctaBurin B 
|suPd<«l »ln»ddln (rrm Ssn*! 036 ^O. EGTA ahJtie from Mt 

ten. 2. cBimoogim pigs c"; lan. 3. 'J^'.^b'SSta 
Ctfclneuitn plus C»-: 1W9 S. Cl*npdll«a !*» ECTA; |»» 6. EOTA 
Blu»l« |ilu» GGTA; IwiB 7, caksneurin plus EGTA. 

(he prateolyiic chiavage of GFK or »rom Ihe calf thymus 
exiracl. With this procedure, over 40 iig o( proteins can 
be punfied from 20 ml ol calf thymus extract li20 ms ol 
protein). 

Identification of the M, 17,000 Protein M Colmodulln, 
the M, 61,000 and 57,000 Protein* ae-Caldneufln 
A. and the »ll, 15,000 Protein as CalclneurJn B 
Since the blndmfl ol the target protrins to the immunophl- 
lin-drog complexes is metal Ion (espedsBy Ca»^ depen- 
dent we speculaled thai the 17.000 protein was cal- 
modulin. One of the distinctltfe properties of calmoduUn 
is IIS Ca«--<JepBnd8nt gel mobHity shift: i.e.. calmodulin 
mibraies fester In the presence ol Ca»* during SDS-poly- 
Bcrylamide gel elecuophoresls (Nee et al., 1 979). Indeed, 
when iho EGTA eluaie wes subjected to SDS-PAGE be- 
side a calmodulin standard (Sigma), ihe M, 17.000 protein 
bends exhibited theCa»'-dependentgel mobility shift char- 
acteristic of calmodulin (Figure 3. lanes 2 end 3 versus 
5 and 6). That Ihe M, 17,000 protein is calmodulin was 
contimied in subsequent experiments with authentic cal- 
modulin. . , , . 

We reasoned that the remelning three proteins could 
be pan ol a multlsubunU complex of calmodull^binding 
prateins. such as e Ca»*- and calmodulirwlapendenl ki- 
nase or Ca"*- and calmodulinKiepandeni phosphatase, 
C8lclneurln(Kleeetal..l988) is composed ollwosuburals. 
caldneurin A. a 61 kd polypoplide. and calclneunn B. a 19 
kd polypeptide. As the 19 M caldneurin B migrates ai 
about IS kd on SDS-PAGE. we considered thai the M, 
61 000 and 15.000 proteins are caldneurin A and B, re- 
spectively. U was also known that caldneurin A undergoes 
proteolysis to yield a 57 kd protein. 

When the tour target protein bands were blotted onto 
polyvlnylidene difluoride membranes and subjected to 
N-terminal sequencing, they were all found to be N-termh 
nally btockad (not shown). Tftls is In agreement with the 
fact that both subunits ol caldneurin. the 57 kd proteolytic 



Fljuia 4. WBsttrr BlolAnalyri»olEGTAElual6w«h AnlVCald-wurin 

EGTMluiwl l9«S*t pioiiiin* (lane 1 . 2 i»a ollotsl pi««ln as uajd 'n 
^^to.tXd«.call«..»lnc.IC.O,»urinlrtn,SSgm.l^^^^ 

c B KteSUr* 8ubj»etod lo 12% BDS-PAGE and alaanaitaiod m o 

iragmem of caldneurin A, and calmodulin have covaient 
mwUflcafions ol lheir l*-terminl (Klee et al.. 1988; Ailken 
el al 1984; Klee and vanaman, 1982). 

Caldneurin B Is a calclum-blnding protein with four 
Ca«*-bindlng EF hands (Allkan et al.. 1994): like calmodu- 
lin. It exWblls a gd mobility shift In the presence rtc^^^ 
during SDS-PA6E. The M, IS.OOO EGTAreluted protein 
did mioraie faster in the presence of caldum (Rgure 3. 
lanes 3 and 6). It was also found to comigrelfl with a cal- 
dneurin B stendard (Sigma) in the P«senc« wawence 
ol caldum (Figure 3. Umes4 and 7). The M,ei.000 and lA 
S7 000 EGTA-eluted proteins comigrate virtth a catomeurln 
A standard (Sigma); these proielns do not undergo a gel 
mobiUty shift in the presence of Ca*'. 

A Westem blot of Ihe EGTA eluate from cell thymus 
with polyclonal antibodies against bovine brain calcineunn 
helped to establish that the tA. 61 .000. 57.000. and 15,000 
proteins are caldneurin A. a proteolytic fragment of cal- 
dneurin A, and calcineunn B, respedivoly (Figure 4). A 
«Ca»* ligand-htolting experiment with the EGTA eluaie 
further supports the Wantlty ol the 15 W protein as cal- 
cineurin B (Figure 5). The weaker response ol calmoduhn 
(M 17 000) was anticipated, as rt is known that under the 
same blotting conditions calmodulin provides a weaker 
signal (C B. Klee, personal communication). The identiTi- 
cation of the reteinod proteins was next confirmed by ex- 
perimente with authentic samples ol calcineurln and cal- 
modulin. 

Caldneurin Binds to FKBP-FK506 end Cyclophllln- 
CsA In a Ce*'-Dependenl Fashion, and Its 
Phosphatase Activity toward a Phosphopeptlde 
Substrate Is Specincally Inhibited by the Two 
Immunophllln-Dfug Complexes 
The Wenllllcation of cateineurln as a common target ol 
ImmunophillnHlrug complexes wasconlirmod by axpen- 
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Fiflure 5. ^a'* Ugend Biolttng ol Cslcinwrin 3 

una 1 . EQT>MHuled IwobI proteins \'om colHhymufi «2 M oMo^l 

C. 8, Ktoe): lanG a, ^ b""!" oiitaMWiin Irani Sigmi (i |ig). 

ments with authentic calcmeurin purinsd from bowne 
brain. Caldneurln was lound lo be retained by GFK- 
FK50e and GCyP-CsA. but not by GFK. GCyP. or GFK- 
rapBmycin.TheeFK-FK606cornpleKblnd8dlrej^ytocal^ 
c.nflurinlnmepresenworCa'^withOUlcalmodulm(Pgure 

6 lane 1), and the binding is dependent on Ca»* and 
(lane 2). in the pfosenc© ot catmodulin. however, in- 
creased amounts of caldneurin (both A B aubjinrt^ 
appear lo beadsorbedby the same amount of GFK-Fl«oe 
complex (P-iguro 6, lane 3), and calmodulin Is '^uAn^m 
well The binding oi calcineur'm^imodulln by QFK- 
FK506 was abolished by EGTA (lane 4). Calmodulin alone 
does nol bind to the GFK-FKS06 complex in the presence 
ol calcium (lane 5). These expeiimenis demonsirale that 
the immunophlHn-drug complexes bind directly to cal- 
clneurtn and only tndlrecUy , via calclneurin. lo calmodu m. 

Cateinaurin is known to be a Ce»*- and calmodu in- 
dependent pTOteln phosphatase (Stewart et al,. 1962). us- 
ing a phosphorylated peptide Iragment from the regulalory 
subunll ol cAMP-dependeni Kinase as a subslrate. me 
phosphatase aclivifl^ ol aulhenUc caldneurin was assayed 
in the presence of the Immunophllins, the individual drugs, 
and their respective complexes wither without calmpdulln. 
AS shown in Figures 7A end 7B. both the intrinsic Ca - 
dependent and Ca»*- and calmodulin-slimulated phospha- 
lase aclivltiBs ol caldneurin are potently inhibited by 
FKBP1Z-FK508 and cydophilin A-CsA complexes, In 
aoreement with the gluiaihione-Sepharose adsorption ex- 
periments (Figure 6). It Is woitn noting that complexes of 
FKBP-rapamycIn tmd FKBP-506BD do nol significantly 
Inhibil the phosphatase activity (Figures 7A and 7B), In lu« 
agreement with the competitive binding assay (Figure g 
and the previous obsenfaiions thai rapamycin inhibils dif- 
lerent caldum-lndependent siflnaBng pathways (Oumont 
ei al 1990b) and that 50BBD. although apoieni rotamase 
mhibilor ol FKBP12, is a very weak inhibitor of TCR- 
mediated signalinfl (Blerer et el., 1980b). 

Discussion 

CsA and FK506. despite their lack ol stnictural simllarilies. 
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RflureS. OhiiBihione-SeplwniseAascipUPoEiiperinienttUringBo- 
vbiB Brtbi CaldnBurin tnd (jFK-fkSOS 

■onandto Rours i.a«epi2 i»gol»ulMnite"" briJncsielwviiln w«8 
uid in piecB «« Iho call bfiJn extract. Tl» IneutaOgn built, conu^ 
Tris-HCl <pH 7.6). 100 mH NsCi, Z mM MgCl,. a mM CeCl. 

•»Gh Bittorpiion »iiporim.m. Bib IImI coii«n«f»Uqns «« «rt 
FK506 ««r« 2 MM and ao pM, reap^Wtly. Une l-J^"?^^ 
buHM A: laA« 8. colemoMrtn with buBor B and 80 mM EBTA. 3. 
cBlclnwrin WW buBsr A wd 1 1»M«Mn«lutln:l»i«4 eatel»Bu*^^^ 
MKerB, 1 pMe*i~dulin.»nd20m»B3rrA:IU*6.1 JiMcelmodun 
ipbuHoi a: lane 6. 8 MB of bovine bniincsleln-urinuwdjnMpe 
^own in l«nes 1-S. CbM - ertmoduBo; CnA - eaWwHirtn A; CnB 



have highly similar biological properties. Both molecuteS 
Interfere with the TCR-niftdlfttod sionaling pattway IhBl 
resulls in the transcription of early T cell acUvatton genes, 
although FK506 is able to do so at 100-lold lower corwen- 
uaiions fTocci at al.. 1989). The irenscriplional activallon 
and (10 a lesser degree) DNA^bindlng properUee ol Ihe 
transcription factors NF-AT, AP-3, and (partially) N^icB 
are potently inhibHed by both immunosuppresaanlo (Em- 
mel et al.» 1989; l^atlila el al.. 1990). Their sii$ of eclion 
has been localized to the cytoplasm: ihey ad following 
earty membrane-associated events but prior to nuclear 
evenls. Without interfering with mombrarte-associated 
sionaling processes, both molecules Inhibit ati IgE recep- 
lor-medieted signaling pathway thai results \r\ the exo- 
cylosis of secretory granules in mast cells (Hultsch et a!.. 
1 991). This cytoplasmic event is sensitive to the actions of 
CsA and FK506 at concentrations similar to thoso required 
loinhibit transcription inTceils.Acommon feature of CsA- 

and FKSOe^ensilive signaling pathways identified lo dale 
is their dependence on Ca*^; ccmversely. severd Ca - 
independent signaling pathways have been studied that 
are resistant to the actions of CsA and FK506 (Un et al,. 
1991)- 

m addition to their similar ellecls on ceH function, both 
CsA and FK506 bind with high affinity to abundant cylo- 
solic receptors (Immunophilins) thai catalyze the Inlercon- 
version of cis- end trans-rotamere of peplldyUprolyl amide 
bonds of poplid© and protein substrates. The rotamase 
activity of cydophilin A {CsA4?indlng protein: the 'A^ de- 
scriptor refers to the originally discovered Isolorm [Hand- 
schumacher el al.» 1984], whereas cydophHIn C refers to 
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Fiflure 7 inWbllkmdrC*^-orCa'*-endCa1modU»ft^)ap8nd«nlPhoflr 
phBiass AcilvityOlCeldnBurirttQwardaPhoapJwpepttd«SUti^ 
FKBP12-FK506 M6 CydophWn ^-C^A ComplmteB 
under ItM waay condllions (wa Exp^rtmenlol Prottdurod), ihe 
amounifl (cpm) ol «Pi foieoBBd Irom ihe phcsphopepikte w»rt Uken 
B& ft mewurt ol phocphaiwe aclivlty wllhoul lurthdr oonveniiDn i««0 
Intiial v^llBG Of mo reaoioM. Thfl fUwl cwwenlrflllons lor dIHErent 
compgnentt wore as loBowaiHOnM CBtotn»urtn;200nMBaChFK8Pl2 
end cyCtopWIin A; 300 nM •BCh FK506, repamycin. and and M 
uM S06BD. (A) PhDspheiefio atiay In ihe prwefwo o\ calnwiolln (W 
rM). (B) PhoBphataae amy In Iho obaence o! Cfllmodulin. The pres- 
ence Of immunfiprilline. Iheir iiganfls, end Ihe corrwpondlng com- 
plAxes 16 tndicflted below the bars. 



Ihe isolorm deecribed by Friedman and Wfiissman [1991]) 
is Inhibited by CsA (Ki « 6 nM) (Fischer el al.» 1989; Taka- 
hashl el al-. 1989). The rotamase activity of the FKS06- 
and rapamycin-blnding protein FKDPi2 (tha "12" descrip- 
tor refers to the originally discovered 12 Kd isoform ISIe- 
kierka el a!., 1989; Harding el al., 1989]; olhar Isoforms 
IFreu et al.. 1991]. Including lha 13 Kd FKBPi 3 [Jin el al. 
1991], have bean described) Is inhibited by FK506 (Ki 
0.4 nM) and rapamycin (K, ^ 0^ nM) (Bierer et al., 1 990a). 
AHhouflh eequence-f elated members ol both the cyclophi- 
lin and FKBP families exist, there are no elmllarilies in 



sequence between the two families (Siandaert el al.. 
1990). The atomic slrudure ot cyclophllin A had not been 
reported, but a preliminary investigation (J. Kallen, M. D- 
Walklnshaw, and M. Zurini, personal communication) sug- 
gests its structure differs algnlficanUy from the recently 
reported atomic slructures of FKBP12 (MIchnick et al., 
1991; Moore el al., 1991) and the FKBPi2-FK50e com- 
plex (Van Duyne et al., 1991). 

Recenl investigalkms have shown that the inhibition of 
the rotamase activity ol immunophilins Is an insufficient 
requlremeni for mediating the actions qI immunosuppres- 
sants (Bierer etal.. 1990a). For example, a polenl.nonnat- 
ural rotamese Inhibitor (506BD, which tnhiblls the rola- 
mase action of FKBP12 whh Ki - 5 nM) does nol4nhlblt 
TCR or IgE recaplor-madlaied signaling pathways at tow 
concent/allons (Bierer at al.. 1990b). On the other Tiand, 
S06BD was found to potently Inhibit ihft actions of bolh 
FK506 and rapamycin. Similar rosutls have recently bean 
reported with cyctophllin Uganda (Slgal el al-, 1 991). Bind- 
ing of Immunosuppressant to immunophilin results In a 
gain, rather than a toss, of function* This is evident in ge- 
netic Bludiea in Saccharomycea cerevislao that provide 
airong support for a role for imniunophliln-daig com- 
plaxos. For example, deletion of yaasi FKBP12 results in 
rapamycin-reslstant strains that are returned to rapamycin 
sensllvity foltowing iransteciion of human FKBP12 (Koltln 
et al.. 1991; Heiiman et al-, I90lb). Related results were 
Obtained with cyclophllin A and CsA fTropschug el al., 
1989) and FKBP12 and FKSOS (Heliman et al., 1991a), 
The role of ImmunophUins in the absence ol drug is an 
active area of investlgaiion; Friedman and Wolssman 
(1 991) describe the association of an immunophilin (cyclo- 
phllin C) with specific target proteins, and a cydophllin 
variant has been shown to be necessary for tho proper 
trafficking of rhodopsln in Drosophlla (Slamnes el al., 
1991). The immunophilin ligands CsA. FK506, and rapa- 
mycin are equipped with strvclural elements lhal provide 
for high affinity interactions with their immunophHin recep- 
tors (in Ihe case of FKS06 and rapamycin. these FKBP- 
binding elements are very similar) and efleclor elBments 
that, when presenled by Immunophilin, determine the tar- 
gel (Bierer el al., I990a, I990b). 

The difference In response to rapamycin and 506BD 
distinguishes the otherwise inseparable biologksal actions 
of CsA and FK506, suggesting that their immediate recep- 
torsare distinct (cyctophilln and FKBP) but thai these com- 
plexes may eventually converge on a common target. The 
simplest possibility is that the common target binds dirocliy 
to both Ihe cydophilin-CsA and FKflP-FK506 complexes. 
The experiments reported herein identify calcineurin, a 
Ca"*- and caimodulin-dapendent serine/lhreonine phos- 
phatase (Klea and Krinka, 1978; Wee el al-, 1979; Stewart 
et al., 1982) previously shown to be the predominant 
calmodull^binding protein in T lymphocytes (Kincaid et 
al.. 1987), as a common targat of these immunophilin- 
drug complexes- 

Calcinaurin, which is a complex ot 61 kd caicineurin A 
and 19 kd caicineurin 6» and calmodulin were retained on 
a cyclophllin C or FKBPl2-based matrix only whan it had 
been preloaded with CsA or FK506, respectively (Figure 
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1 ), The observation that CsA b required tor ine cyclophilln 
C matrix to retain the calcinwrin A is in accord with the 
results 01 Friedman and Welssman (1991). The additional 
protein of 57 kd retained from the tissue extracts used in 
these studies is very likely the known proteolytic fragment 
resulting from cleavage o! the C-lerminus of calcineurin 
A (Hubbard and Klee, 1989). Affinity matrices based on 
cyclopWIin C, FKBPli. FKBP12-rapamycln (Figure 1). 
CsA, FK506, and rapamycin {Fretr el al.» 1991) do nol 
retain any of these proteins. Elution of (he protelne from 
either immunophilin-drug matrix was also achieved with 
soiubl? cyclophllin A-CsA or FKBP1Z-FK506 oompiexes 
(Rgure 2). These results suggest the two ImmurK»ph1lln- 
drug complexes bind competitively to calcineurin and also 
indicate that two dtflerenl terms ot cyclophilln (A and C) 
are able to presom CsA to the common target. The Ca**- 
dependent binding ot the immunophllln-drug complexes 
to calcineurin is in keeping with the correlation of CsA 
and FK506 actions on Ca**-dependenl signaling pathways 
(Figure 2). 

Treatment of the eluted proteins with Ca*+ prtor to gel 
electrophoresis resulted tn a gel mobility shift for the M, 
15,000 and 17,000 bands that is characteristic of myristoy- 
lated calcineurin D and calmodulin (Klee et al., 1979), re- 
spectively (Figure 3). Blotting experiments with anti- 
calcineurin antibodies (Rgure 4) and <*Ca»^ (Rgure 5) 
provide turther support for the Identification of the Mr 
61,000, 57.000. 17.000, and IS.OOO proteins as cal- 
cineurin A, the C-terminal peptide cleavage product of cal- 
cineurin A, calmodulin, and calcineurin B. respectively. In 
addltton, the primary immunophilin-^rug interaction site 
within the target calclneurin-calmoduHn complex was 
shown to reside wltWn calcineurin by affinity experimerits 
with authentic calcineurin samples that lacked calmodulin, 
in these experiments only the cyclophilin C-CsA and 
FKSP-FK506 matrices are able to retain authentic cal- 
cineurin (Figure 6). Finally, after the initial review of this 
article, 25 and 20 amino acid fragments derived from the 
h/it 61,000 and 15,000 proteins obtained from the atfin- 
iiy experiments described above were sequenced by 
automated Edinan degradation and shown to be 100% 
identical to sequences In calcineurin A (SQTTGFPSUTIF- 
SAPNYLDVYNNK) and calClneurin B (IYDMDKDGYISN- 
GELFQVUK), respectively. 

The Influence of Immunophnins or immunophilin-drug 
complexes on the phosphatase activity of authentic cal- 
cineurin in the presence of Ca^* and calmodulin irfas 
assayed with both p-nitrophcnyl phosphate and a phos- 
phopeptide substrata (HiN-Asp-Leu-Asp-VaWPfo-lle-Pro- 
eiy-Arg-Phe-A3p*Arg*Arg-Val-Ser(0PC«^-Val-Ala-Ala- 
GIu-CO}H). In accord with the binding studies, a specific 
effect is seen with the complexes of both cyclophilin A- 
CsA and FKBP12-FK506. Whereas these complexes in- 
duce a slight increase in the phosphatase activity of cal- 
cineurln-Ca**-calmodulIn (by a factor of ^^2-3) toward 
p-nitrophenyl phosphate (data not shown), they potently 
inhibit aciivHy toward the phosphopeptide substrate in the 
presence (Rgure TA) or absence (Figure 7B) of calmodu- 
lin. These results suggest that the biological function of 
the Immunophllin-dmg complexes may be to inhibit the 
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phosphatase activity of calcineurin, but that this may be 
achieved by binding lo a site adjacent to the active site, 
raiher than to the active site. The small p-nrtrophenyl phos- 
phate reagent presumably Interacts with calcineurin 
nearly exclusively at ectwe-slte re6klue$» whereas the 
phosphopepUde. which te composed of a sequence de- 
rived from the phosphorylation site on the Rl! subunit of 
cAWP-dependent protein kinase (a calcineurin subsuale) 
(Blumenthal el al, 19B6), Is presumed to make extensive 
contact with the enzyme. In both phosphatase assays, 
little or no effect was observed with cyclophilin A, FKBP12, 
CsA, FK506, or rapamycin alone, or with the FKBP12- 
rapamycin and FKBP12-506BD complexes (Figures 7A 
andTfi). • ^ ^ * 

Whereas an affinity matrix based on cydophln C-CsA 
was used in the Initial adsorption protocol, recombinant 
cyclophilin A^sA was found to eluto calcineurin-calmod- 
ulin from the FKBP12-FK506 affinity matrix and lo inhibit 
the phosphatase activity of calcineurin. Although the rela- 
tive affinity Of different cydophilln-CsA complexes Is un- 
known, these preliminary studies provide evidence for re- 
dundancy in the cyclophllin component. The ability of 
cyclophilln C to participate In calcineurin blndlrtg supports 
the posslbiniy that other cyclophilin isoforms mediate the 
actions of CsA (Friedman and Weissman, 1991; Price el 
al.. 1991). 

These biochemical investigations Suggest that the Oa»- 
and calmodulln-dependent phosphatase calcineurin is a 
common •downsVeam' biological target of CsA and 
FK506. As these agents exhibit specificity for activation 
pathways that induce an increase in Intracellular Ca»* con- 
cenuation, such as those mediated by the TOR and the 
IgE receptor, calcineurin may be involved In regulating 
the phosphorylation state ot a downstream component of 
these signaling pathways. The cellular specMiclty of the 
actions of CsA and FK506 niay be related to their selective 
interactions with specific isoforms of calcineurin or due to 
the existence of cell-specific calcineurin substrates. 

The competitive binding of cyclophilln A-CsA and 
FKBP12-FK506 to calclnaurin Is Surprising in light of the 
absence of apparent structural similarities between the 
immunophnins cyclophllin A and FKBP1 2 and thelf Pgands 
CsA and FK50$. It Is possible that different binding ele- 
ments within the same binding site on calclneurin-calmod- 
ulln are used by thaae distinct Immunophllln-drug com- 
plexes. Although the final resolution of this dilemma may 
require detailed structural analyses of mulUmerlc ensetn- 
bles. recent progress In the determination of the structure 
of immunophilins(Michnlcket al.. 1991 ; Moore etal., 1&91) 
and their drug complexes (Van Duyne et a),. 1991) and In 
the understanding of the domain structure of calcineurin 
(Hubbard and Klee, 1 989). logether with the avallabnity of 
genetic systems that lack specific immunophnins (and 
thus present the characteristic drug-resistanoe pheno* 
type) (Koltin et al., 1991; Hellman et al.. I991a, 1991b), 
provides slgnlficanl opportunities lor research in this area. 

Our studies define the Ca**- and calmodulln^ependent 
phosphatase calcineurin as a common and spedlic target 
of cyclophllln-CsA and FKBP-FKSOe complexes in vitro. 
Biological studies should soon determine whether eel- 
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cinflurin Is Ihe relevant target of ihese immunosup- 
press^inlft in vivo and Is thus & key molecule in signal 
Iranemission pathways emanating frqm both the ICR in 
T lymphocyiefi and the IgE receptor in mast cells. 

Enpertmentd ProcMurei 

MatAilalB 

Fr«at\ ceH ihymufi. bfaln. end tpiMn were obiainBd from nwearch 87 
(Rover*. UA). Bovine txtln caltineurtn «nd calmodurm Mft PUr- 
Chased Irom Sigma Chemiwl <Sl Louis, MO). ^tCl* purthftMd 
Irom New Englarid Nudeer (Cftmbfld^©, MA). *»P^ftb•ted phosphory- 
laiBd pepttdd 8ubairBl«, bovine brftift Mlclr»9Urin. and mtbll anlP 
Ciidneurin IgG wire genorOUS gifts from Dr. CtftUde B. We© <Dopan- 
mam of etochamisiry. Naltonal C4nc«f insilUiW). Goal anikabWl IgG 
coniugaiad with aiKeltna pftosphalaae and m» filHefino phOfipt^atlM 
Gubsirate^ 6CIP and NBT were oblilnod from Ptorce (Rodtford, IL). 
Qluiaihiorrt-SwharoHB 4B was Irom PharmacW UCB (Uppsaii, Swe- 
den). S06BD wts proparad by ThonwE J. V^TandWM and Palrtcift K. 
6omof« k) the HArvttrd laboratory. 

Prtp«rBUonofFi»tenProUlMGCyP«ndGFK . . 

Th* consirucUon Of a Qluiaihioft* S-UenslaraBMyctophlHn C luaion 
gene dW) purtFicaUOn Ol GCyP w«r« tChtevwJ be described (fnedman 
and Weluman, i891).ToeonBlfiiDl ttw GFK luaion genift, FKBPiS was 
empliried by the potymerftso Chain reaction from an FKBP12 coding 
piesmld^pRFS) dSJng two prime's: S* primer, S'-CaGQACACAGGATC- 
CATQGGC GTGCA6GTGG AO-, * primer. S'^CTGGCTAACGAATT- 
CAAGGOAOGAGGCCATTCCTGrCAT^'. Tlw amplMted fregmanl 
vvee purifiwJ by phenol-ehtofoform oxwcilw^ end eilianol predplie- 
fion, K was men digested with EcoRl and BimHI end donod Into 
PGEX-2T, which had been Imeerteid with Ihe same fcelrlctlwi en- 
zymes. Tbe loeion conatruct pGFK12 was trensfcmfnod into E. co« 
XA90. hi which the exprosfiion of GFK can bo induced virtth IPTG. 

To purify GFK, a 1 Uler LB CUttufO of XA90/pGFK12 wee Incubatad 
at 37*C. Al an OD.it ol 0.65. ihe Culture wee induced wHh 1 fnM IPTG. 
The eels were harvettod 6 hr after induction, resuapGnded in 20 ml 
of 20 mM Tf Is-HCl (pH 7.B) coniainlng 1 mM PMSF. and fysed by two 
poeaea Ihrough a French pr*M at 12,000 pfii. Tt>e nudek: acids wart 
preclptlBled by addlllon of 0.2 vol ol neuUalized 2% pwiemlna Bulfaie 
solution 10 Ihe crude lyeele followed by cenlrtfugalion (2O,OO0 v q, 20 
min). Ttw crude ceH extract woe then Irecttenetad wiih ammonium 
Quitata, and the 40%-B0% proialn pelldi was reeuependod in 30 ml ol 
« mM TriS-HCl (pH 7-8) and dWy^ad again&t A lilore of the same 

buffer. u . •-• 

The diaiyzad protein Edution we* rirei punned with oiuiainione- 
Sepharo$e e« deacribad prewousty (Smith and Johnson. 198B), The 
^uiBihiona (S mMJ eluaie Irom the giuiaihiona-Sepharoee afTmiiy col- 
umn wee diredly loaded onio a 0£<52 column ihai had been oquMI- 
braied wHh 6 column vols of 20 mM Tri&^Cl ipH 7.6). The column 
wee then washed with anoiher 6 cdumn vols ol the Duller, and the 
fusion prweln was slutad wUh a slep Qfadianl ol 0-200 mM KD. GFK- 
conlaining fractions were cdlected end used direClly. 

preparation of Tlecue Eiruacts of Bovine Brein, 
Thymua, and Spleen 

Fresh bovine brain, thymus, end spleen ware hornogenized (1:3. wl/ 
vol) (n 20 mM Trie-HCI (pH 6.6), 0.25 mM NaO, 2 mM B-mefceploethe- 
not, 0.02% NaNfc 1 mM PMSF. and 5% glycerol. The homogenaia was 
cemrituged at B.OOO jt g tor 4 hr. The Supernatant was eeparaiBd. and 
ihfl paUat was reeuspendad In an eaual volume of ihs same buffer. 
Centrllugaiion at B.OOO x 0 (pr 4 hr gava a second supemaiani. The 
two supemawnis were mixed voiA/oI) arwl cemrihiflad at 30.000 
X g lor 45 min. The sgpernamnt was than filtered through a 0.4S um 
nilar and kepi bi 4*C belore use. 

Adsorption of Catclneurln-CelmoduUn whh GFK-FK508 end 
GCyP*CaA Using Oluiathtone-Sapharoac 
The crude liraua airlrecrs ware preincubaiad wllh glulalhlono-Sopha* 
rose (aboui i:iOO to 1:200 dlUiUon of the Sepharose) ai 4*C for i-3 
hr to remove Ihe ondooenoufl glulalWona-bindlna proteins, including 
gluiethlofts S-lrana (erases, a typical IncubaUon mixiure has e tolel 



volumeol0.2ml,conslslinoolbu11er A(50mMTrts-HCl |pH7.51. 1TO 
mM NaO. 2 mM MgCt,, 2 mM CaCU). 2 iiM QFK (or GCyP), 20 pM 
FKS06 (or rapamycin or CsA). and O.0S to 0.t ml of tissue extract. 
After Incubation al 4*C on a Nutalor for 1^ hr, 25 pi of 50H (veiM)0 
Bluiaihione-Sepharos. In puffer A w« *^«^- *"^»~^ 
ooniinusd (or 0,6 lo 2 hr. The Sepharow beeda wara predpll««l 
by ce«f«ug»tion tn a microcentrifuge at fl.ooo x g tor 2 min. The 
□LHtionZ^epharosa boada wora wWhe^throa 
Si buffer A comelnlnfl 0.2% Triton X-IOO. The wasfrtd OlUtatWone- 
SaphawewaBihanrewBpondedIn25piol2x SOS aampla buKar. 
healed in boWng wmar lor 3 min. and canlrM uoed for 2 min. The auper - 
namnl was eublocied to SDS-PAGE fdioweO by silver Staining. For 
puriCcaUon Of lb© tergal pfOtelns from calf Ihymus and brain ajofacli. 
each of theooraponanls wasscai«* up proportionally and the proteins 
were elutad wUh 20 mM EGTA in 50 mM Tris^+HCI (pH 7.4), i mM 
dilhiolhrelld Bftef three waahas wlm buffer A containing 0.2% Tnion 
X-IOO. 

Waaiem Blot Analyai* Of Colclnaurin. Gd MobURy Bhin Of 
Calmodultn and Calclnaufin B, ami DaieCtlOlt Of 
Caldneurin B by *Ca Auioradlography 
For the Wasiam bloi analysla of calciriaur^n A end B, the prouins 
were Bubjeciad to i2% SDS-PAGE Wiowad by electroPtotOng onio 
niirooeliutDGfl using the BIcnRad MlnWbtoning apparatus. Developmenl 
Of the btol wiih rabWl anlVcateineurin IgG and alKaHne phosphalaso- 
coniuoaiedgoaiand^eobii igG was performed aspfevloush^deeiartbed 
munSrtC, iflBiVTo detect ihe calCiumHSependenl ^d mobility shlhol 
calmodulin and calcinaufln B, Ca*' <1 mM) or EGTA (S mM) wM «J<J<J 
10 ihB pioiein sokiUon In SDS aamplB loading buffer belore loading the 
oel The 'K:a»^ binding to calclnourin B and calmodulin and subse- 
queniauloradiography>Awrecarriedoulaspravioiislyd»scrlbed(M 

yama el at.. 1064). 

Phoaphauaa Aasav of Caiclrteurtn 

Theasaay was carried out as described by Menalan and iCiee <ififl3). 
The aubslraie used, prowWlod by C. B. Waa. was a ayhthellc pepUde 
corresponding to iha pnoaphorylatton aUe o* the All subunH ol cAMP^ 
dependent prt>teln kkiase (OLOVPIPGRFDRRVSVAAE). ^ waa 
Dhwhorylaied ^lin»Wabaled ATP al the serine residue. The aasay 
buSaTcoiwisiB of 40 mM Trt^CI (pH 7J&\ O.l M MaCI. B mM MgCU, 
0 1 mM CaCI,, 0.1 mo/ml bovine Borum albumin, and 0.5 mM dKhte- 
Ihrdld The away mbUure (TO td) conialnad 40 nM calaneunn. 60 
HM calmodulin (when preseni). and 2 pM Ph»Ph<^P*«« 
to the assay buffer, li was toond ihai me presence ol mathanol (3%) 
lnhIWieihephosphaiasaactlvltyd8nllicftnlly.Thara(ofe,thedmBMli^ 
lions were prepared In DMSOaalollowa.DMSOsux:ktoiuUonsol Ihe 
dnids ware prepared (3000 x Rnal concentration) and ihen diluted 
1O0 X WW. iho assay buffer. 2 ul was added lo the incubation mbdure. 
givinQ a final ooncanwaUcn of DMSO Of loos then 0.04% in the Rnal 
assay mUlura. The locwbeiiona ware carried oui ai 30»C tor 10 nw 
Oefore ihe reaction was Stopped by addition of the Slop sohilion (5% 
irlcworoaceiio acid. 0.1 M poiasshim P'^^t'^if"*' 
ml Dowax AG SOW-xe (200-600 mesh! Bto-ftad) columns. Atiar tna 
»Bwasduiadfromtheodumn,nweembiadvrilh1ZmlofSclniiVar^ 
II (Fishar Sdeminc) and counted on a Sackman LSiMi Uquid Scintil- 
lation System. 

AcknowledgmcnU 

We wiBh to thank Andraaj Gaiat (Harvard Chamisiry) (or assistance 
with tissue prepsraiions. Ralceah Karmachaiya (or lochnica! assis- 
tance Gerald R Crabtree (Sianlord Unwer^iy) lor stimulating discus- 
s»ons*end Oauda 8. Ki©e (Nationa! Cancer InaiiiuiQ) tor ganarous 
provision d reagenls. advice, and insighUul suOfleallons. Thie r»- 
MSrch waa supporiod by funds Irom the National Instiiuio Of Ganirai 
MedicalSclenofls(GM<J8627andGM^0960.award«^^ 
isaDamonRunyon-WaltefWincheIICflnearFundFeltow(DRG-1tt5), 
and J. D. F. tS en American Cancer Socieiy PosldOCtoraf Fellow. 

The coslS Of puPllcaiion ol this artkjte waio dsirayed In pari by 
the paymanl 01 page Charges. This ertlda must Ihsrelore be hereby 



5. FEB. 2002 15:22 



LINKLATERS LDN 219 



NO. 054] P. 44 



marked. 'S^tfvartf^^r ^cor<ianc.-W*lh .1B USC.SBdtoa.1734 
toieiy 10 inoicaie iMs lad- 
nee«lved JuM 19, 1891; rBviseC July is. 1991. 

Mlken A . Wa«, C. B.. Wfl W«n. P. 0984). >** 
lonotd WWB.n «n imrn-nOjJIBn WHl^w FK506 or mp». 

B»™«tta W N (1981), -Western b!oUlnfl-:el©art>phorBtiCUH«Wte^^^ 

lodlfuiMO prol*. A. kM. BtoelW-n. '8S-203. 

Dumom. F. J.. Mellno, M. R.. Sterw*. M. J.. S;"-!^ 

J, hniMPOl. M4. 141ft-14M. 

S^"«i^'ir«lBl«. n„«ro«d« FK6« «.d mj-mycin. J. 

pol. 744, 261-258. .... I r 

Tn^r pnrtWB WW**, h T dl acU«IIon. Science W6, 1617 
0 mmmHitWM. B., una, K, Kto1hrt«, T.. J«d 

e u AlBBiB M W„ QbMI. a., SlilWlB*!!. R- ® " 

a:ilSSif>^'JrnB%-«(l-««mop»«n.).J.An,.Ch-m.8^ 

.„ cyokrtPPrm A. Sc»«™ 644-546- 
prolyl uwmBmw. N»uire WT, 758-700. 



HdLn J N. R- Hl«»«and. p. C, .nd Hall. M. N. (llBlrt. 

prenivt B0Bi«FKSO6 In Steetoortyew cwtvfcta*. Pn» Neu- Acao. 
SdUSA8B.1948-1»5Z. ^ „ 

Hdumn J Mowfc N. R.. and Hall. M. N. {^mt>). Tmflols «« esll 

crtSneurin A: mapplnj by limited p'OWoly*.*. BtocftamWfy 2«, 1869- 

1074 

Hullseh 7 . Albaw, M. W.. SehrtiMr. S. L. and HOhman. R. J. (iWU 
duciion leading lo axocywato or WMaipUort. Proe. MoO. Acad. soi. 

USAS$.B22»-e293- 

jIn Y ,1 A»9ni.M.W..l*na.W.8..BlBrer,B.E.,Schr.lbor.8A..Bnfl 
8 J (1B91). Molae«tor donlng of a ,no,*r,na«3o«al«l 



"Aead. Sril USA M. 6677^1 . ^, 
r«rH^-F^«^SSor.naar.«a„.^^ 

i^l^TarJ^r ^^^^^^ • 
'^.'?B. and vanenui.. T. C- 0«>2>- Ca*™-*. Adv. Proiain 
STct^'iS.". T. a. and M. H. m C-*«.«*- 

N8!l.A«ad.S<S.USA76.B270-6Z73. 

S?'ni.lBU.r. ad. (Ne« York: John VWKw & Son.*. PP;^^f-^- 
K^tln Y . Faucrtle. L, BwBsma. 0. J-. l*vy. M. A.. Ca"'"*/- 

U^&roniyea. eofavK*. la m.dia»d by a PW^l^ f^T 

BkA 71 171^1723. 

tin'c a Bohx R.C..Sialdori<a.J.J..aBilSigal.N.H.ll89l).Fl«06 

^rd'^^Jj-.*^-^^^^^ 

In human T lymphocylaa. Coll immUKoL f 33. SBS-JU. 

K $.. and Ki... OB Of^'^'^ " 
llmllad pfotaoiyBla. Pfoc Natl. Aead. Sd. USA 80. 48Bl-4»s. 

alwr»diumdode<yi*ttiteiB gal eteetrophoresie. J. Blocham. 95. 611 

Mem*. P. UHm«% K. S.. ™'":;«;«--^r?;JLw!!^^^ 

M rnbir^ Q fl.. and HerzanberB, U A. (1990). Tiw acw^ w 
S^;:^ ^d PKS* auBB-si a no«l B.BP m «» aeHvation o. T 
lyfflphi*ytBs.EMBOJ. 8.4426-4431. 

MichnlcK. S. VJ.. Ro«n. M. IC WindlaM. T. J.. K«.plue. M.. end 

S^iJor. S. L. (1991). So.«*-. «.uch« ''J^^S'T^^^ 
racapior tor FK5CI6 end rapamypin. human FKBP.Seto.«a 2S1.B3&- 

Mn«B J A PaaniB. 0. A.. Rugibhon. M. J., and Thornton. J. a. 
«S^S's;.luttonruci»aol.h,ma)orl*Klln^ 
EuppraH«m FK608. Nelina 3S1. 24W50. 
Price. E. R, zydowBkv. L. Oh Jin. M.. BaKef . C. H;;2*«»»^ 
prw-lah. C. tTiMI). Human oydophllin a aa^ 
-ne aneodee a papMyH>iolyl laomafteo w«h a »9nrt iMuenee. 
Pm. NaiL Aead. SA uba M. 1903-1907. 

^eir.ii»nunoswra»i»-iiga~b.s«noa88T,ao8.aii7. 

Siektorka. J. J.. Huns. S. H. Y., Poa. M.. Un. C S-"^- 
liBBS). A cyi080«e btading pWBln lor the Imrmmowippraaeart FK508 
hMWP«SlH.'oiy« feomemaa eetivBy but te dbtmci from cyciophinn. 

ttaUire 941. 75&'767. 



Sisal. N. a, Dumon.. F.. Ou,«to. p. ^'^'^ 
8LWIIfiWT5itt«^B..andPlaa«o.J.M.(lM^^^ 

in .hi ImmunoBuppre^iva '^^^ 
Bdlon 01 eyotoaporln A? J. E«. Mad. 1M. 61B-B2B. 
<i«hh D B •ndJ0hn»on.K.S.(l98B).SlnBla*appUitncaMnoI 

S4ianSleraM. Gane $T, 31-40. 

Stamnas, M. A.. Shiah. B..H.. Chuman, L. HaiTte. O. J-vJ»?^«*e^ 
C8.(1Bii).Theeydop»*lnhonwk«ntnaAbail«ua^^ 
m^irena proiain .wui.«l tot the pwpof ayniharta el a a«t.aei ol 

oraeophila rhodopains. Can 88, 210-227. 
8iandaaft.R.F..OBlalA..vardlna.8.U.andSehtaibar.8.L(l9eo). 



Common Targei of Immuftophllln^rug CQmp\8Xos 
615 



lac 



MDlB«ull>r donlng <ind ovMexprMSlon 01 the human FKSOMlndino 
Pifileln. FKBP. Nature 346. B71-«74. 

Stewart A K.tng»bitiaBnJ.S..U<»»>iM.K.>a»a.C.B..BMCohm. 
nliosoiwiBsa. FEBS Leii. jar. 80-84. 

TflkBh.3hi. N.. Hayano. T.. and 6ult*l. M. (1989). P^Ptl^i;;?;^' 
tura 337. 473-475. 

Toed. M. J.. MaltovWi. O. A., CoWer. K. A.. Kw<*^.. CKW.».l. F., Un. 
s! DW<«I«BU,. S.. SlBkie*.. J. J.. Chin. J., "l**^ 
ri6e9)Theimmuno«lPp.eBS.nlFK506arteciU^^ 
ot asiiy T een aettveikH* f^not. J. immonoL M3. 716-728. 
T«.p,Qhug. M.. BannelmM*, I. B/. pnd N«<pert. W. S^s^Uvfty 
,0 c^iSfh. A is madlatta by eydophilirt Ir i^*P^ 

Saiiftwomyees ceraWwe. N«tfura 348. 953-957. 

ihd oly j. A. (1991). AlQmie «ructura 01 FKBP-FK506jn "nmu- 
!!jpS4mlnoiupp««»ant eompttx. Sdance SSI. 839-6*2. 

Nola Added In Pi«ol 

J F iiouppertadbyUSPuWcHeBlihfiaivlqBBfanlMRSACTSaCA 
mto lundad by m Howard Hugha* Medical limliuiB. 



S.FEB, 2002 15:22 



Art 



L1NKLATER8 LDN 219 



6i0222eT3iMO. 0547 P. 4] 



LETTCRS TO NATURE 



^iL D,«(W.C. VHP " ^«uM2»{l»M- 

23. iwa^ X* WHW'^*'' *^ 



by Gi-arres«lng rapaniyw«t- 
receiitor coiwp^** 

EH* J. B«i*?i, ""•^^ t Mm. Wnilain »• 
« Stuaft L. SCh^lbtrT 

I ^ Hu»»« Mefltol \xMtfi» vvi 





6% gel 
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<-FRAP 



fuston efotelns were reOOV«M«i W vKt also found FRAP In 

ransiatlonal atop codma <>. human tJww. JmtetT eon 
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*"S&si sssssf issssw wjgflj^ i^^,*. 



WBG construetod »ro«5 ""SIIL rma (ref. 25). cDNA 
Genbank. 

we u.ed ™o r™^UTI""m»"»-'^^'^'^^^ 





NATURE -VOL 360- 30 JO^^E 1094 



by drtcnimt and """Pj^i'SiS^ta darified lysate at a 

rilv«r Etaining (Fig. If. ^'"^J " JSKth GFK.FKS06 or 
»tcd protein (FRAP) was ""^S Nooiherrftpa«ycia-»P«afic 

proteins weto detected by Silver swu""Bv 
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8ffi«ity puri&atian procedvirt iwing g^^jSiSSjS 

than GFK-rtpamy«fa; at "JJ««^»«?"» «'^*S?^»*^;!?„7f1 
andUo- complexes «e«un«blcto reu«n ^^eiJOK I^^d 
l«. Janes 4, 5),^haasuia^^vfi^u»^'^'»i^'^^f^ 
2 S uM) detec»blc<itt»ntiti« gf FRAP were trt«it)ed(F.^, 

poinds <« ttitt strong ceU-cycte *ft«t .'ess 

SJLTm^ eorrctotc* with the aMiy the b^ad^^ 

/pin It) wo maniBiallan cdl toes that ate ateo Jensmve to 

^Sip'T^i&d from bo>ine M« (bFtUC) had * 




pTOduet aUowed for tha iwUtion of overlapping c owa ftom » 
hi Jmtot T cdl AZAP n cDNA Kbraiy. yieldJng 7,6 kb of 
, eowisuoia jeftuene*. Using ilwM cDKA K^woces »a 

a variny of human »^_^^'^^t^J^J'Z^ 



Functional dissection 

SSnA'^.^-v^'^.'^.'Il-^Jl^^^^^ transerlpUonal 



FRAJPwa* not obalned. the Initiating meibionina shown In P.| 

DRJtZ/TOW gene pro«iet». OveiaU it is 44% id«ihcal to 
DRRirroRl wTd m identisri to DRR2A0R2. Tlie repon 

STwenmnal <«0 inino acida of human FRAP (S7% and 
jjy. ideniical. respectively). Ui additioii. ihls 



eo-reprassor complex 

DlmHris -MiriOT • K«vlii ttmhl* 

Deoaitmont o< Blotagioal Chemiauy and Moleculai' Piwm'aeoiofif. 
240iLBng«wod Avenue. Hwvaid Ma<l<sai School. Borten. 
Ki|ata8ehuntfi.0211S,USA 




WW («f. 20). liese^lBritjej im&ate that FRAP n»ay aho 
havephoaphatJdyKnoiilolldnawaciivity. 

Thrtttgh the ktrodiiction of minate Btnietural changes m 
, rap8mycin,thl»«t«dy'impBca|«PRAPasajt^^ 
(9de Mog««don in mammalian cdla. Identilication of FRAP 
u the target of FKBPl^lt««mI3^ t«»di« wit 1^ wto 
demonttr^on of caWneuiin aa the target of "^F^^-FKSW 
(ref. 2) addressei a fasdnating aspect of tnnaunopMm teieaKin. 

S«i Aat tho invmunophOin I^Pi2,«=« ^Jffi 
. MWiipiodiutoaadlherabyBaiathflftttlitytobuiiltwod^ 

dgnarHni molecules tovotved in cell cycle entry and P"*;^'"^ 
Further biochemical characterization of this unique mammaHan 
protein should etnddate its role in propa»tinE*e nMiogen- 
ioitiaicd signais that Wad lo the atuvation of p70" 



Cdk complexes. 



Wdcycliiw 
□ 



woiivwi j W! »B»fl(ia JO MarlM*-" 

I 8CI*»S«(:3.LC«IH*S8S^e8 ^,W«la^. 
i A«»» lA v». * » r.;W.S* «5 s*;»»Ma^ 
4. ftillP«ll^ A. el K^i-tol*". 



brtatm (Meml/nZ and al/nl), ^woee OkBgD «* «W" 
(Roxl) ftS M HipectlnW. Ai imiwal feataw rfd^ tea 

pMtdM aic Baowni. H« wo 

Mon auAa Weatea iWtTapi eop.»ri»atfc «^twno »;^ 

3u» etaflarity, and a eepanbie 
' Th«TiBl toaaiiB,' lAlch do no* laehide the |Mr«iadoeln 
w neewsaiy awl partlany ""^Htt <W Tupl tortla^ 
We suggest that 1^1 perftmns the "T""?"! ®! 

idAiheiaihi»«y'«aeUlcWA-WlidlntpM«e^ . . 

• u has h«nprevtoakly shown that Cycaoan teprWtraiw 
tiontaaTupl^wKlent manner whroboim^.upa^ 
intact cyc/'.pfowoier through th* h»t««logoi» UaA DNA- 
WndingdcHmdn'. Sinnlaity.aLB3iA-T\ip1 hybtldprotmconfp 
a iWfeW tedttOtion ofosprenion from a promoter «3ntanimg 

t) LexA^Ti^pl end LexA-Cycl} abo repress eapreuien of a 
Ut3 gene coniabing a single LexA operator upstrtam of the T« 
iiTAdeni«it(Fig. l**). WSSes^i"? «}^ 
tauBcripiion. Surprfainely . LeicA-Tttpl retains ahnoat Its cntnc 
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Other lywklii*. Id c«Btnu*.*w»my«to 

t^wtif •»ff>S*^'«*' Jf^!^« mLS! TO. tatter ^*«iTda'» bhlbitory action wi Oi^W« pr<«i™«5o» " 

•eoBULve cdl typet. "orftol 3-Wnw». Whether «« KCBP12<.pB«(ycia e^to 
JSiMta«f*eyeiwlTORpr^ 

S» i?*lV^lck war* d»<v.y«i l|« P« 17 "^tiXCiiiilS? WAW con^nM with redwod huJin« t4 ffSOUt to ti* 

9l!ll». Ou«wh»uii Wit. Km W 56905. T.i. 

' lb* obbrevlMloii* vMd an; It^i toi(on« 
Umkufl pntdaai OltF, c«biUo« fir*™-, bi! 
of rtpJinydn; OST, glnttthloiw SMWMfeioM: 
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Tttrgfit ofRapamgtin in Mannuilian CelU 



Uil« u 0.1* Wflwrttetacwsdi. ^« "^\'JJS«Sir«™llw» 



MAttSIAId AND TH0D8 
,.iJ^d>HAlc»dto5lh.op^r^6^"^^ 



S^JT^^ »ni into PUB *"<5- I^"* 

wHh fl FtilfttM (BiifltoBmi InBtruniBnto. Waattw. T^. V 



urtdDtiBlAd liy dinftWiiM *flfliti«i «r •ffHMm»« r-AN CAY ATN AON CAO UA- 'uw •■w™ ;r.7,a72^S;r,-n 



-Trffl^Sulrtta tilt BnuBBM of 10 UM r»P»in>o«i «* 
5S»,1X W HWTJX^^ ehi&ophy "torn CAP- 



XTrCT.«^*eWt^f'g««J«'°^ Into 
IBTOB tfM wtc <»*^i "*j2f^?fV-^^ ACA OCC OCT 
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Fic» 1 Binding of i«l 'UrAiii-darivnd proii^iiM to C3«5T-FKBPt2- 
drug ooinplexc*, Bat hwn «iiii*ftcts m lflwin/j:*ma'le) wijlt 

]t>rr,cTB<t»t*an^ W»» pei*l#ni«l in *hB AhMt^ nf ^"^. "i^*; 7* "J 
Df cflCftOB fff 10 MM Tattamvrin mV) or 10 uM PKiWfl <m IVgrit»U«Uirt 

vWHEbd by (rtlw H^ij^l{an(^ JUiiw / aho*»f*i the nv)l«)rulni- inswcdhbrn 
tiort «iawfjrd>. -writh Aootl mam* (MVil (JMlcflOtw drt lh« ic/r. Unto- 

biofUltif ptiiUi'm. IJil*e)«l Oi» r^^i iidkaUi VwdWurii! itf the 

57- £1^4 GlAlla itofomm of Uw cjildomm A (CiiA* anbwnit omi Uw 

%lth SivRi, nnd tho gcl-purtfcd iwrea waa cloftl'U >™ ihp «rtiin aiw of 
\Al(iUiBf yioJr eDNA in tJ»0 pw^xr wkifittiUou fClflli*« Iv tljc RP#A. 

t^T T7^tt|ir«iV??(icilw>w ly>w *fyi»it'^» ini>mwi. oi>e-iwnui rrt- 

un\i>'JS ^1 ' of thi; u*ri*loviAii HUwMcm wrt^ <loi*utuf«l ih Uiemmli ftnmplv 
huSthv Anil hi>hJ*Ki*ii cft SDS'PACK. Tliei feMnwidojr uf ifAiiislnUvi; 
fftftHiPii w'pj; cHlu»d with hflHiOflenizfltloo bulRrtf tofttttmirtg 1 infr'Ail 
bov{ntt »nifn atbt&tnUk. Thr rfUvWid iwmpte wpa ^mdnd btffl aliquot* 
irnvbuwi with <:i$M-aHSi«iiMhhoaoJ ftuiu« pkvt^iuft h\ tlw ahteawv 
OY rei>«myt<n or ?KB06. »rta prrtein-bicwiing wtwys vRPi 

pttrfornwd dMcrihed Ahovt. The btkuhd iiroi«rtf H«jWrtii«i i»j 
3tJ5'?AGR (fttJi were uoatcd ivith r>Pt»ANCC CD\»l?ijn5 KPN), 
ai^d ihe '^-IttWod iM/iBlalron pniJuetBiWfrc dBi«lMsd by fUlorogmphy 
at 70*C. 

i!i'<wri!*-Ojr i?iTiitegy llftr tht <iTOet!oi> nf i»fl|>An:\ydn.PKBPl2 
HgCind* WW baWHl on tho affinity purincBtion techniqufl pmvi- 

m»)y (tmployed for the idcntifiraddn of cdcf Aaidn a» foi i am- 
cellular target (ViT the FK60(t'rKDP12 fx»^ipU« l^V Tiflftpe 
OKtrartB were incuhrttwi wiQi aSH-Hfturoiit-coupIi«l TiST- 
FlCarifi in tJie iif^nw gr preaejioft nf R»pa«iyctD or rK!)06, 
and bound fwoiclns were cuiAlyainl l>y SDS-PAOK. Ah ^liown in 
Fiff, 1, rDp6inycra-lo»dod GW-?KBPl'2 pr*ieii>HAted a high mo- 
]ecuUr iiw»ss (>:iOO JcDoi pnoUiln /rom rat Ivftiii ostruutfi. The 
intcrflction of thia pvoidn witJi OST-FKB?lJJ wftft J^periacally 
dependent ti« thCt pr<»ftflCB of rftpamydn, m IiKa prDt<!<n wssj no*; 
ftivmd in predpUAUJB prBpftMid-witlMmt Jtujf or with TKBOQ. Ait 
prrdictfid. the nsT-FKBPl^ FKnoO rompley rccovert«l rele- 
t;\vly shnn^am ST* and (it"^iT>» pivK-lus conui*|Hm<\*rt^' 
Kitowo isul'tti'iw* 'if the oikuiooriji A wuhuoJt I7>. Both i ho 
ci*li:lnouriD 0 aubxualtU'J and ««)modiiWn rl7 IcDiH were 
aliid fcvidw>t viKin thfc la(ier pccdpH4»^» worft frtedroiiliprtsaod 



BrtOn YAC4 
r ' I- ;^ 
RAP - + - + 



200- 




GjlH^cwc»i.iO>id CSr.FKBfP id in th* *ibft«ttfi i - 1 Pawnee 
onO ^ mpairtycli '»nuTid l'"'^'^:' •^^^'^ 'iS^^^iLST; 

in the fie 1 Ulfiend. tt«iftft' dirow uU t)io righ\ Dld»<ai«A U» iWi^Won flC 
bmiu YAO-1 e«ll-derivi*d «*rcni 

piwm«.Ce2^— The iHWult«<Lfltfctrjib«lfll)ovb prwnptaid addiiionsl 
sUidiiw to detcrmlW) whe^lscr wmJ^ar VKBP32-rnpfiiii>cin 
bindin^y prxJtoinR ww^ expr«swod in T-Iycophotyte*. HWier n>- 
pua ii- diMSuineAt^Kl UwL taputiij^cLn inhibit* both Ui© prolifera- 
tion and the cytdlclno rcBponaivenwa of thip muriiw T-lym- 
phtvma cnU YAC-l UT-lS), InrflcflUt^g lliRt YAC-J cells 
acprosH a lituicddnaDy UnpiTrtant t»rj^ ftf rapwriytTti. iTae n^- 
euUft in Pig. 2 dapitt a <wmpiiTiti(in otibA proUlra* rwovcrod 
friifl) 1111 lutibfc and YAC-l cdl extwctB by the G9T'FKB?12. 
tiu>flMU*vdn colKulut* ta the ptwnm cifrnpumycln. feh*J irouw 
HtimlAr «ifniuii)iii"i*Htf nHii>inLrtWiiftiii Wto ta^^i ceii w»avic 

brain txtnittfi. Hen«ffo«H, th^M lii*di luolticular nws« biodlnff 
protoiAt will b« proviAiowttlly deiriguotod ©b inTOIt Intcmft- 
injtly, thfl aST*PKI*Pl2-T»jr»myciTi pmcipitJitM from Y/kCl 
cdUa oontaiiittd two hij^ inol«*?ular mnft» pwtui»«. wlt-h the 
Jaww baiid «o-mignitlAy with mTOTX twpJHUxl iVpni rat bmivu 
The rw*ver> of tlioliijrher Dwlucular uuua apectea fntm dHTer- 
ent YAC-l cell WrtnictR uppeajvd t« comUte vMi that of the 
lower hwxl 'Isf^ ^ig- 3). 6utf««J6tmg thai tbwo 6n» eithtor mi- 
fcnmflJiilartn^ly modiflwi »^on$ 6f the swab protuin or thuC 
thQ upper Wid reprMoAin n diAliocL protein whMe iuteratiCioA 
tfrttlk Ibtf l*KBl*12-rapai«ycin cattipWA is contiiijKjni on the 
Wiwiu^Df mTOR, 

I'apimi^it^wsiBtatit oud -wnstrve dwies dcrn^d JVnm thfi 
YAC-l T-lyrnphoina c^ll line (14). The mutpnt d^mi* wrc 
«an*#rRtvd by vtrftunmit of yAC-I edit" othyiowU)»nctiuV 
lV>nal€, foLtowftd by UnvIUfig dUutitm donicK in nipamydn- 
cQiitaiidntr ctiltw<*"tnfidlttiti. Cldnftl pojmlat!on.s wc adwed 
{by i'6<iifttanc& to Iho antlprollftfwttvc effort <tf r^pflmycin Tw^ 
ther diaroc^Jrixtttlwri nf Ibwe olnoea wealed thnt B«'voru! 
(RJS^, ftnd lOBI^^l diAplsyed « aUiWp, druff-rofllstant ph^* 
rgVvi>*, ^vb!H«a» otKor* <flm ltl2B) Nver^ iURy seo»ttiv<; U» 
rapitcnycin ir> short Usrm ci)ltoit:3. Thw iHiw. vi^paniydn-reHisU 
am cl*vneB exproased tunniuJ nmtium of I'lCBPlS ^-jnri retnlned 
v^-Ud-iyoo kfVttli gf ^rmAJUvity to FKflOfi, wiggnfltlnp thnt Uip 
wifltflftt pliomaypc ^<fas due ro *n oltcmtJnn !«cnt«l dow-n- 
titn^m of (14). By anjUogy Ut thw prevlowidy d^wctbo*! 

y&iSl TOff mutiwt* <TX-1S). w*^ i^rt.wrfjd that one or moro of 
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Tamt ofRapamycin in Mow>Miliftn Celte 





th« mpamycln-««l»wck VAO-1 "^.'^..^^ll^Sn 
*'Zl"Bilvc.r.,L,i„*d rfwwn in Fi,. «. P««/. Comt»r>4 

pr S(t«"'rt *'Tcm ft«A h-Ah of 

wTdn-r^d^tMii done. and lORW. 

Z^n.)-^n c.«»pkx WA. «on,«.tjd «a.h live r.p.my 
niBUtent pheiwtyjw ™ the mafcant VACl iJoiwa 'sw! 

PKHm-rtpamyrin i-«»i>pl«( «»s,.ain« to rei»»yr,n WW 

orR)9 cellu v,as found to wyniis ift incn«Bed Jewl ufsiMi- 
t'viiv t., rapamvcin. A dn.g.s«>«Uv« revertant clone. d««lff. 

7.n^0R ft«m RIV,„ celU, *an rm.n,*itH,U,l. r«p.«*rfft- 
distant Rie ccn« (Ji*. 3. JWirft. m«. ui. «acqu.«lia., 

Z« h«d b«.r. clot>«<l 5«ret.cnlly fr«n «P<«'?>y«'>:«'»'-^;* 
!;^It by »hi.ir abilU.v coofiir r;,pa»ymii «Hi«toft<* t. 

wCne p.^uel«a«d purified mTOR ^-^S? 

We tlwwfow livpuwhe^oed *<•(• mTOR wight bt rdnted V 

fC tiSKA oZtoi^ m mTOll wa. iwJaled (Vn«i » "ti b«.o 

In o«lur to clo«» the cDNA, iBfTOll piuifirtd fi^M 
hroin 9s dBMribe'd i>revir>u^lr aud dtee«U-d v.ih ta)^*^. and 



»e.u«nd„frO««rt>M.|«pt^r|0W - "^^^^^^ 

t» amino l^-i* fH^TTn «ri^<^5t2S 

^w^^X PCR rwirtSons "MuteriaU (uid Wctlwd« 
«e„„da^ ^<^J^^^t 

^^nt^STs^STp'Sid that mTOR h bw«.io8««» 

» the yoniii TORI and T0R2pn)M»iiw- 

„.» «w**Kid that U MMWJfid » pM»«ln fragrownt w^i 
rSuyT^SSfo TORI -rJltt rtat -o.t«p«nd 

brirT cDNA Hbr«Ty <«* 'WoteHal* and M«U.na« % and a 7.1- 



5. FEB. 2002 15:27., _ LINKLATERS LDN 219; 



lit 



Flu. 4. AYtciiiu«nt of tnnMlntUm 

TOn e«UI. IdeftliUl ksMBM mMMtf . 

ftdd auzobtf ia 'mdiculeii at m 
ri^ht of oaoh Kna. the USLAVPG »- 
qwiLoe obUtMd fivm peptide M<peiign(f 
II \stdL<MA by tbu htany oy*^*"*- 
PCK'rBMiiil to and fc) mi tho second 
PUH l«Ktiim (c ind rf) art *ndicat3«l by 
arjtm> TKe tUffttll «I3NA U»«4 to probe 
Uu cDNA Hhnrfiw ia conlAinAd betwean 
fcbe f tnd d pEimertii Aticwnnnta wan pox^ 
fonned wns OCG (GoieUfiii (^nnputcr 
Qnwy, Univeruty of WiBoan»Ln> Maditon) 





kikbase padr dcme wm IwlaUdi 6*Hrwnclng of tbft T.l-kflobftBe 
pair done wealed thrt it Bnt^OiM « ]irot«4Ti kighly hmnologw 
to Ihe ytwL TOR protdns* Moreover* tbe encodod pfotain otm- 
tained tit LBLAVPO nequenw obtained hy pro^^in eequwEic- 
Itttf The OBF iixleiidid Lo tha B' «iid «f Uie t:DNA Indicating 
that it miifht not be complete. Thio wm cgnliniwrt hir thft 
n»ului orK«rai«ni «iiMiy*.» wf lirp.fi iniu^A wivu mwj 
UlobBse pair dtofi aa a probe. Th« Nopflieiifl loggeBtodthat thA 
rulUwigth mBNA prigbt be aa 1ai«t pa ft-S kM««» P";*-^ A. 
PCR prodttct deri^ from the eactrcmc 6' end of the /J Idto- 
bOK pair done wan uaed to reocrcEH Ihe Ubraiy. ThlW wJdi- 

by TIACE- The complete cDNA cantaini ftSBA nuckotidM and 
encAdftfl » prvfcfeto of "MU awino arid* CM«' 4) wHh a pwdictod 



iBiuahcDKAdoaobBBbooaiBeUtod. 

ItanalaUKl OBP to ihowa aU«Md wlA the yeMt TORI 

«uid protoltt» In Pie. 4. «« dedM«d ■«al»> «*dHajMnce 
of mTOJl is 42.4» and 443* Identical to TOW inid T0R2. 
r<«.«:tlvdy. tU ln«iti<m of »he LELAVW h»ptapepilde (w... 

AO Add* JttS8-ai4». «*i<!h '*t^»'l?l.'!5?J51STSSt 

mTmw) «• «hawn owrtlwrf. Ha dwJwed •mioo •cid«ci«»e^ 
cf 3TOR aim uMxttlw* th» wimbxv«| ieQii«iie» frsn yM* 
TOR piotJinB and thd pllO iiutamt ef rtaimiialiBii phnajihaU- 
dyliiiMttM 3*iflfl« th»t ui»d tD dMSii ™* 

b«h wart TOR pniteliui in all of dMM ragioha eicoopi for m 
CDtiw^tive tor imJeudne rabrtHotCwM in tlieEDL' 

RQD 4i»d UUDFG piiptid»a. Tht ™"°«|^,'[[p^»f^"5';*Ji*! 

th.t eooRnn tto.t we have Isolated the cDNA eneoUns 
mTOB Fint, the LELA.VPO aequom* obuijied liy pupM* 



FEB 



5. FEB. 2002 15:28 _ 

-03 — 2WW-i lXii90 PM 



LINKLATERS LON 219 



■ ami Y'** 



610222073 NO. 0547 p. 56 



p. 07 




d«rivi)d lR»»l«Uv« imnlu*«*' A |..itsiia cDK4 <ilw« MA-*illos niTOR 



mat ui ui* proDiin uiM we nnvf jHinneti. i nua. ittiv^A w 
lHKhl> similw u. sequence M both ofthQ ywwt TOR 
S«iM»a« of u«ff vwtein d*tR tones .^rtsf^IVot and 
NBRF-VIR rclpjuiii 40 ( ami a tmitiJiicvil uudoc ocitt nato Msc 
itknHaak rtl«aw 83) with Uw mTOR amino acid sequwco 
iwifiniiwl (Jio» mTOR w mnns hii^ly homolnipius lo yi«i«i 
TOn protein* thHTi u ik w any 'Hh6f '''»**lLS5?fH"l!' 

CftirmiM-'fo aewrmms whEihnr the wnUtetl mTOB eDMA 
nntwrte^ « t'KBPia.rnpamytin.WnduW v«»l*in. tb» 7, I-UIdImm 
prtir cDNA tflo..t (fcijerfbed abow was trWWcnW <HmI tr9<»- 

col^^nnus <20i n.r Ow ihiUMiuU rfu«iislftd«». The 

niTOR iDNA-prliiitJ u-jirtliition mlxWre i«*salod a rittwiy 
CST-TKBP12 ronilted in lJ>« recovttfj "f bai^V dutoaaHie^ 



hinding of aie niTOlM«iv«J polypq)bd«« »? '^J™"" 
,««V5go .:fa.w fl.i. In con»ft9t- T.pi«n)X.n dnnr-atoUj In. 

coniple.t. 

liii! uf the rat Wolivdertved law* P«teU. d^wtrntttl mTOR. 

grewot, data do not ollow n» i» d««rm»j^vhet)»r^O^ mTO^ 
tbol«». the p«s«n,:findi„8« lend 

«ds. that Ui« FKBP12.«iJW1<iJ'«n c«mp « n 
phi«ep«gW«iou in >«art md ina«in»li«.« w""* by ncLng on « 
hSgWy hranftloeoua net of torget proMlne. 

cin-ZiuZ M.y.ZFPRl. TOHl,^ TORi In ™«^M^ 

Si fc^t «dT» demon««.t» for th. ^T'^'^^ll^^l 
^ Jtt ««.wtbrAhl W RT.d ?ylot«»ic «ffi«M iti >m* by 

T-1*njE!?2S>vV-.-|. i«" • — — ■ V', 

pi^oBB coll UciD. Bartler re*«lw h-il flugBMisd U>ai ihe tv»ut- 

u, muiaUonii tocaied downnreura ■'f^'^l^ 'Wi. in wis 

coLlwpArta. Northern Ln,ly«tt4 bftwrfiWHthat the « 
m^NrSidioiUnB thai the obwrved «iryn,n^ jjTOB^"- 

S mul.s «pponU.r hypoth«i,thatth« re««-oi cto^e* 
MPeniifll cBUIvuTfuneUon of mTOH intact f^ij^^r* 

rodueUon In the binding ♦(Bnife "f ml OH "'fj.i' 
Wtivity. would be prrficltd u, act in ft doo)>ii«nfc n».taon .>» 



1 5. T. Altmhiun, uHiitthlieliod *lMcrvaaon«. 



5. FEB. 2002 15:28 LINKLATERS LDN 219 eiezaae-rsNO. 0547 P. 57''-^^ 

FeB-03^2©®2 P" ..w^"" 



Target ofBapamytin in Mammalian CtUt 



S21 



«««« r U) Th» TwSduftl WMiav^ties «t Oib 4Rl«. lORja, ana 
rtmPiv^naroron compel to inl»r»«t with Sequenc- 

Slirinh..-*d d««.Be «n ™T0B recovery ftvr. a. 

TOM. Thi. r^n 

STodl cTd* «gutati«i (m NooethetoM. b.«li8niic»l proof 

nrm«ub«8 al» fencdon dud ipeofidty. hp«J-pnite» 
kineses to ywwt «nd mainnuillaneolte. 

in veirt sarriUiU its yiiUpr<^ftniaTe action an it^hmilotcd 

Witt rapwayda k8 b jUmnMoib^ pr»h« jwjgw* thi* TOB 

but not iU, ««nin.Haa«U typ«. K^m^ 
the Bitwlh of mo* heinat«»oiefie edl liw*. tot exerts row- 

"tS'lLniatlvt hypoth*»U i» that toTOR plajF* » 

rather ihan an oWig-te tfi " A ^^J'TZT^ S 

™«nuiUuii call*, 'nve BeimttTrttia. rf ilTeretit edl lypw to 
rapBinytlii miiiht Aewfora reflect tatrteata varlatooo. to the 

16 .low. »a5er fluu. prObiWt, the eany of GrP^ 



Tr^Rl only yi«Uh a -dow-E«wth pK«eWJ m). 
the yiia.1 TOJtl mvumt "«iro *lo8«iy than that uouoiy 

plately block p70 riboaocnal Sfl-WnaaC lfl1<BM0 "^^"r^ 
5t^» of tnutanl VA0.1 etei«» t}en,»n.««tad «^ 

tivity (14). Tlma, the pnt«n ^^'"^^^^ZT^ 
^TOTwietber Uihlhliioa of pTOSeK attlvtiy « related to 

The exp«w,l«i of high "fO* 'I'S 

luTorthia pwtein wtU be rtfluirtd to elt«ld«ta '^J^^ 
Sj^ri^B o;.ph«» p«^e«a«fln and tth«r c*D«^jn-rea|«iaM. 



s*^.9.uaj»i>w«a,«i«-i«B^^ 
l«. Bm^. J.. &pii»tolle. J, fiiimw»»»v J. C «w» »• " 

fllaelm. fOS, 1T«-\T* . u t i(te»iV <lt nuter.P.A.i*l<4 



5. FEB. 2002 15:29 LINKLATERS LDN 219 



61022207SNO. 054] P. 58 



Target of Bi^wiyt^ 



822 



in Mammalian Celb 



WORLD INTELLECTUAL PROPERTV ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification : 
C07K 15/00, CUP 21/00 
C12N5/00, C07K7/64 
GOIN 33/53 // (C12P 12/00 
C12R1:91) 


Al 


(11) International PubUcation Number: WO 86/ 02080 
(43) International PubUcation Date: 10 April 1986 (10.04.86) 


(21) International Application Number: PCT^P85/00501 

(22) International Filing Date: 27 September 1985 (27.09.85) 

(31) Priority AppUcadon Numbers : 8425040 

8515673 

(32) Priority Dates: 4 October 1984 (04. 10.84) 

20 June 1985(20.06.85) 

(33) Priority Country : GB 

(71) Applicant: SANDOZ AG [CH/CHJ; Lichtstrasse 35, 

CH^002 Basel (CH). 

(72) Inventors: ROSENTHALER, Joachim ; Auf der Wacht 

55, CH-4104 Oberwil (CH). WENGER, Roland ; 
Grenzacherweg 45, CH-4125 Riehen (CH). BALL, 
Philipp, E. ; Bottmingerstrasse 32, CH-4102 Bimiiiig- 
en (CH), SCHREIER, Max, H. ; Oberwilerstrasse 50, 
CH-4054 Basel (CH). QUESNIAUX, Valerie ; Leon- 
hardsgraben 8, CH-4051 Basel (CH). 


(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), CH (European patent), DE (Euro- 
pean patent), DK, FI, FR (European patent), GB 
(European patent), IT CEuropean patent), JP, KR, LU 
(European patent), NL (European patent), NO, SE 
(European patent). 

Published 

With international search report 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt 
of amendments. 



(54) Htle: MONOCLONAL ANTIBODIES TO CYCLOSPORINGS 




(57) Abstract 

Novel monoclonal antibodies capable of distinguishing between cyclosporins, e.g. Cyclosporine, and metabolites, 
e.g. Cyclosporins 17 and 18, are produced, e.g. starting from novel cyclosporins having an activated coupling group, c.g. 
activated carboxy group, e.g. (i) [(0-succinimidooxysuccinyl>Thrp-Cyclosporine and Qx) [(N-e-succinimidooxysuccinyl> 
(D)Lys]8-Cyclosporine. Cyclosporin starting materials required for the production of cyclosporins of type (ii), e.g. 
[{D)Lys]8-Cyclosporine are also new and additionally have utility in the preparation of novel labelled cyclosporin deriva- 
tives, as well as antibodies and antisera generally. Also claimed are novel antigenic conjugates and hybridoma cell lines 
used in the production of antibodies and antisera as aforesaid as well as assay kits comprising novel antisera, antibodies 
and/or labelled cyclosporins as aforesaid 
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MONOCLONAL ANTIBODIES TO CYCLOSPORINS 



The present invention relates to monoclonal antibodies to 
cyclosporins, in particular to monoclonal antibodies capable of 
distinguishing between cyclosporins and metabolites thereof and 
suitable for use in diagnostic/assay kits, as well as to novel 
hybridoma cell lines used in the production of said monoclonal 
antibodies and diagnostic/assay kits comprising said monoclonal 
antibodies. In addition the invention relates to novel cyclo- 
sporins and immunogenic conjugates comprising them, used for the 
generation of monoclonal antibodies as aforesaid and also useful 
for the generation of regular polyclonal antisera suitable for 
diagnostic/ assay kit use, as well as to the product antisera and 
antibodies and diagnostic/ assay kits comprising them. The 
invention also relates to labelled derivatives of said novel 
cyclosporins, themselves suitable for diagnostic/ assay kit use, 
as well as to diagnostic/ assay kits comprising them. 

The cyclosporins comprise a class of structurally distinctive, 
cyclic, poly-N-methylated undecapeptides commonly possessing 
pharmacological, in particular immunosuppressive, anti-Inflam- 
matory and anti-parasitic activity. The first of the cyclosporins 
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to be Isolated was the naturally occurring fungal metabolite 
Cyclosporine, also known as cyclosporin A, of formula A 



rMeBmt-aAbu-Sar-MeLeu-Va1-MeLeu-Ala-(D)Ala.MeLeu.MeLeu.MeVa1^ 
1 234567 8 9 10 11 



(A) 



wherein -MeBmt- represents the N-methyl>(4R)-4-but-2E-en-l-yl-4- 
methyl-(L)threonyl residue of formula B 



CH3 . 



^CH2 



(B) 



HO (R) CH 



-N-CH-CO- 

I (S) 
CH3 

in which -x-y- is -CH=CH- (trans). 

Since the original discovery of Cyclosporine, a wide variety of 
naturally occurring cyclosporins have been isolated and identi- 
fied and many further non-natural cyclosporins have been prepared 
by total- or semi -synthetic means or by the application of modi- 
fied culture techniques. The class comprised by the cyclosporins 
is thus now substantial and includes for example the naturally 
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occurring cyclosporins A through Z [c.f. Kobe! et al . European 
Journal of applied Microbiology and Biotechnology 1£, 237 - 240 
(1982) and poster presented by Traber et al., 24th, Inter science 
Conference on Antimicrobial Agents and Chemotherapy, Washington, 
October 8 - 10, (1984)3; as well as various non-natural or arti- 
ficial cyclosporins, including dihydro-cyclosporins (in which the 
group -x-y- of the -MeSmt-. residue (see formula B above) is * 
saturated, e.g. as disclosed in the US Patents Nos. 4,108,985; 
4,210,581 and 4,220,641, cyclosporins in which the -MeBmt- resi- 
due Is present in isomeric or N-desmethyl form Cc,f. European 
patent no, 0 034 567 and "Cyclosporin A", Proc. Internat. Con- 
ference on Cyclosporin A, Cambridge (U.K.) September 1981, Ed, 
D.J.G. White, Elsevier Press (1982) - both describing the total- 
synthetic method for the production of cyclosporins developed by 

Wenger] and cyclosporins in which incorporation of variant 
amino acids at specific positions within the peptide sequence is 
effected- Examples of such cyclosporins as disclosed in the abpve 
art references include e.g» CThr]2-, CVal]2-, [Nva]2- and 
CNva']2-[Nva]5-cyclosporine (also known as cyclosporins C, 0, G 
and M respectively) and dihydro-CVal 32-Cyclosporine (also known 
as dihydrocyclosporin D). 

CIn accordance with now conventional nomenclature for the cyclo- 
sporins, these are defined throughout the present specification 
and claims by reference to the structure of Cyclosporine (i.e. 
cyclosporin A). This is done by first indicating those residues 
in the molecule which differ from those present in Cyclosporine 
and then applying the term "Cyclosporine" to characterise the 
remaining residues which are identical to those present In Cyclo- 
sporine. At the same time the prefix "dihydro" is employed to 
designate cyclosporins wherein the -MeBmt- residue is hydro- 
genated (-dihydro-MeBmt-) , i.e. wherein -x-y- in formula 8 is 
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-CH2-CH2-. Thus CThrlZ-CycTosporine is the cyclosporin having the 
sequence shown in formula A, but in which ^ccAbu* at the 
2-posit1on is replaced by -Thr-, and dihydro-CVal 32-Cyclosporine 
is the cyclosporin having the sequence shown in formula A but in 
which -MeBrot- at position 1 is hydrogenated and -oAbu- at the 2 
position is replaced by -Val-* 

In addition, amino acid residues referred to by abbreviation, 
e.g. -Ala-, -MeVal- etc... are, in accordance with conventional 
practice, to be understood as having the (L)-conflguratlon unless 
otherwise indicated. Residue abbreviations preceded by "Me", as 
in the case of -MeLeu- represent N-methylated residues. The 
individual residues of the cyclosporin molecule are numbered, as 
in the art, clockwise and starting with the residue -MeBmt- (or 
-dihydro-MeBmt-) in position 1. The same numerical sequence is 
employed throughout the present specification and claims .3 

Because of their unique immunosuppressive activity, the cyclo- 
sporins have attracted very considerable attention not only in 
medical and academic circles, but also in the lay press. Cyclo- 
sporine itself is now commercially available and commonly 
employed to prevent rejection following allogenic organ, e.g. 
heart, heart-lung, kidney and bone-marrow transplant, as well as 
more recently in the treatment of various auto-Immune and related 
diseases and conditions. Both dihydro-CVal ]2-Cyclospor1n and 
CNvaQZ-Cyclosporin are under extensive clinical investigation as 
potential successors to Cyclosporine. 

Dosaging of cyclosporins, e.g. Cyclosporine, however presents 
jaartlcular difficulties. Since metabolic conversion rates tend to 
be patient specific and the therapeutic range narrow, effective 
dosaging is highly subject specific and requires the establish- 
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ment of appropriate individual serum levels. Regular monitoring 
of cyclosporin plasma concentrations is thus an essential pre- 
requisit for effective treatment. To this end a number of high 
pressure liquid chromatography (HPLC), radioimmunoasssay (RIA) 
and fluoroimmunoassay (FIA) systems have been developed. However, 
HPLC methods, whilst highly specific are difficult and cumbersome 
to use in practice and the current commercially available RIA 
system based on sheep polyclonal antiserum has met with criticism 
because of its lack of specificity. Development of cyclosporin, 
e.g. Cyclosporine, specific monoclonal antibodies capable of 
distinguishing between therapeutically administered cyclosporins 
and their metabolites in man has accordingly for a long time been 
an urgent practical as well as purely scientific goal, since 
these would have the advantage of offering the same potential 
specificity as HPLC methodology, whilst retaining the advantage 
of ease of application provided by conventional immunoassay 
systems. In addition the provision of such cyclosporin-specif 1c 
monoclonal antibodies would provide a vital new research tool 
permitting e.g. the comparative investigation of cyclosporin 
conformation and definition of cyclosporin receptor requirements 
etc... 

Since the original discovery of Cyclosporine, numerous attempts 
have been made to produce monoclonal antibodies reactive to 
cyclosporins. Since cyclosporins, e.g. Cyclosporine, themselves 
have little ininunogenic activity, a common approach has been to 
proceed employing an immunogenic, e.g. hapten-protein, conjugate, 
e.g. derived by coupling of immunoglobulins via the hydroxy group 
available at -Thr2. in CThr]2-Cyclosporine employing conventional 
coupling techniques, e.g. with EDCI CN-ethyl-N*-(3-dimethylam1no- 
propyl)carbod1imide.2HCl] or MCDI CN-cyclohexyl-N'-CB-(N-methyl- 
morpholi no) ethyl 3-carbodi1mide. p. toluene sulfonate] as coupling 
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agent. Attempts in this manner have however failed and where 
monoclonal antibodies have been obtained, these have been found 
to have relatively low specificity for Cyclosporine, or to be 
specific with respect to the carrier protein or the coupling 
reagent employed rather than Cyclosporine, or to be highly 
cross-reactive with the coupling agent. In no instance has it 
proved possible to produce monoclonal antibodies identifiable as 
distinguishing between e.g. Cyclosporine and metabolites thereof, 
e.g. the metabolites Cyclosporine jj and Cyclosporine 18 herein- 
after specifically described* In addition such attempts have led 
to the production of monoclonal antibodies to Cyclosporine of the 
type IgM only and hence in any event essentially inappropriate 
for use in any form of regular, e.g. clinical, assay kit. The 
production of monoclonal antibodies having specific reactivity 
with cyclosporins and capable of distinguishing between 
individual cyclosporins and their metabolites, e.g. between 
Cyclosporine and its metabolites in man, and suitable for use in 
an assay system has thus renal ned a major goal. 

In accordance with the present invention it has now surprisingly 
been found that monoclonal antibodies reactive to cyclosporins 
and meeting the various objectives discussed above, in particular 
capable of distinguishing between cyclosporins and metabolites 
thereof, can be produced via essentially conventional immuni- 
sation/fusion/cloning techniques, employing immunogenic conju- 
gates comprising a cyclosporin as hapten at the initial immuni- 
sation step, if the conjugate is prepared by coupling of the 
carrier to the cyclosporin by the agency of an activated coupling 
group, e.g. if conjugate synthesis Is effected employing a cyclo- 
sporin having an activated coupling group as starting material. 
In particular using such immunogenic conjugates it is possible to 
obtain monoclonal antibodies capable of fine discrimination 
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between cyclosporins and metabolites thereof bearing even single 
variant groupings on individual residues, e.g. in the case of 
Cyclosporine, being reactive with Cyclosporine while exhibiting 
low cross-reactivity with, for example. Its metabolites Cyclo- 
sporine 17 and/or Cyclosporine 18* 

In addition to at last providing the means for development of 
convenient monoclonal assay systems, e.g. for use in clinic, the 
present invention also provides a means for the further 
purification of cyclosporin metabolites and, since it may be 
anticipated that monoclonal antibodies will be obtainable by 
application of the general methods of the invention, which may 
mimic receptor sites, the characterisation of potential 
endogenous cyclosporin- like molecules. The significance of the 
present invention from both a practical and a purely scientific 
stand point will be thus readily apparent. 

As indicated above, the immunogenic conjugates required in the 
practice of the invention are prepared by direct coupling of a 
carrier, e.g. protein molecule, with a cyclosporin by the agency 
of an activated coupling group. This may be effected, either by 
reaction of a carrier bearing an activated coupling group with a 
cyclosporin bearing an appropriate co-reactive substituent, e.g. 
hydroxy or amino group, e.g. as in the case of CThr]2.cyclo- 
sporine or [(D)Lys38-Cyclosporine hereinafter described, or by 
reaction of a carrier with a cyclosporin having an activated 
coupling group, e.g. cyclosporin in which one of the amino acid 
residues present in the cyclosporin molecule has a side chain at 
the a-carbon atom comprising or bearing an activated coupling 
group. The said conjugates thus comprise a cyclosporin, hapten 
moiety, directly linked to a carrier moiety, rather than via an 
intervening coupling agent residue, as in the case of immunogenic 



wo 86/02080 



PCT/EP8S/00501 



- 8 - 



conjugates comprising a cyclosporin as hapten previously employed 
in the art, e.g. for raising regular polyclonal antisera. 

By the term "activated coupling group" as used herein and 
throughout the accompanying claims is to be understood any group 
capable of direct reaction with an appropriate, co-reactive 
grouping, e.g. amino," hydroxy, thio group or the like, so as to 
provide a co-valent linkage, without requirement for use of a 
coupling agent to enable, effect or promote reaction. Thus in the 
case of cyclosporins bearing an "activated coupling group" this 
will be any group capable of direct reaction with a carrier 
molecule, e.g. protein molecule, to provide a co-valently linked 
conjugate with said carrier molecule, without requirement for use 
of a coupling reagent to enable, effect or promote coupling or 
reaction with said carrier molecule. 

Groups suitable as activated coupling groups are well known in 
the art and include for example 1) activated ester or activated 
carboxy groups, i.e. of formula -CO-OZ wherein Z is a carboxy 
activating group such as o- or p-nitrophenyl , l-benztriazole, 
pentaf luorophenyl or N-succ1n1mido; 11) activated dithio groups. 
I.e. of formula -S-S-X wherein X 1s a dithio activating group 
such as 2-pyr1dyl; and ill) epoxy groups. 

Suitable immunogenic conjugate carrier molecules, bearing an 
activated coupling group, e.g. epoxy group, as aforesaid, may be 
prepared in accordance with techniques known in the art, e.g. as 
described by Laumen et aK, Tetrahedron Letters, 26 (4), 407 - 
410 (1985 )• In accordance with the general methods of the present 
invention it is however preferred that the activated coupling 
group be provided on the cyclosporin which is to be coupled with 
the carrier, rather than vice versa. 
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In principle the activated coupling group may be present at any 
position around the cyclosporin molecule. In so far as trans- 
formations at the l-pos1t1on are of particular significance in 
cyclosporin metabolism, or in so far as major cyclosporin 
metabolites, e,g. in the case of Cyclosporine, Cyclosporine 17 
and Cyclosporine 18^, exhibit structural variation at the 
1-position as described below, it is preferred that the activated 
coupling group be present at one or other of positions 2 to 11 
inclusive, thus leaving the residue at the l-position Intact, 
preferably "unmasked" by the carrier, in the immunogenic 
conjugate subsequently obtained, and hence free to elicit 
specific antibody response. Generally it is appropriate if the 
activated coupling group is at the 2-position or at any of the 
positions 3, 5 to 8 or 10, especially 5 to 8 inclusive, whereby 
the 2- and 8-pos1tions are particularly favoured. 

In the case of Cyclosporine major metabolic conversions occurring 
in man are: 

I Terminal hydroxyl ation of -MeLeu^- to give the residue of 
formula E 



CH3 



CO- 



H0-C(CH3).CH2-CH(L) 





(E); 



N(CH3). 
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ll Terminal hydroxylation of -MeBmtl- to give the residue of 
formula F 



III Des-N-methylation of -MeLeu*- to give -Leu-; 

IV Terminal hydroxylation of -MeLeu*- to give the resldueof 
formula E above; 

V Terminal hydroxylation of -MeLeuS- to give the residue of 
formula E above; 

VI Terminal hydroxylation and ring-closure in -MeBmtl- to give 
the residue of formula G 




H0-CH2-CH=CH-CH2-CH ( CH3 ) -CH (OH ) -CH ( S ) 
(TRANS) (R) (R) \ 



(F); 




N(CH3). 



CO- 




H0-CH2-CH2-CH-CH2-CH(CH3)-CH-CH(S) 



(G) 




Thus known metabolites of Cyclosporine (identified as Cyclo- 
sporine 1_, Cyclosporine 8^ etc. . •) exhibit the following metabolic 
variations. 
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Cyclosporine 1^ : I. Cyclosporine IB : I + II, Cyclosporine 9^ : I + 
III + V. Cyclosporine 12 : I + IV. Cyclosporine IjS : I + V, 
Cyclosporine 17 : 11. Cyclosporine 18 : VI. Cyclosporine 21 : 
III. 

[See G- Maurer et al, "Drug Hetab. Disposit" 12,» 120 - 125 
(1984)3. 

Accordingly^ for the preparation of monoclonal antibodies capable 
of distinguishing between Cyclosporine and metabolites thereof in 
man, it will be appropriate that the activated coupling group in 
the cyclosporin employed for immunogenic conjugate formation, be 
situated in a position other than the 1-, 4-, 6- or 9-position, 
and, in so far as Cyclosporine 17^ and 18, represent major 
metabolites, at least in a position other than the 1-position, 
Thus again in the particular case of Cyclosporine, the 2- and 
8-position are especially favoured. 

Cyclosporins having an activated coupling group as described 
above may be prepared e.g. either: 

i) by activation of an appropriate pre-existing precursor group 
(i.e. coupling group in non-activated form), e.g. conversion 
of the carboxy group of a cyclosporin having a carboxy- 
substltuted a-am1no acid residue (i.e. a-amino acid residue 
having a side chain at the a-carbon atom comprising or 
bearing a carboxy group), e.g. at the 2- or 8-posit1on, into 
an activated carboxy group, by reaction with a carboxy 
activating agent; or 
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ii) by acylation or etherif icatlon of a cyclosporin having an 
amino- or hydroxy-substituted a-araino acid residue (i,e. 
a-amino acid residue having a side chain at the a-carbon atom 
comprising or bearing a hydroxy or amino group), e.g. 
hydroxy-substltuted a-am1no acid residue at the 2-pos1t1on or 
amino- or hydroxy-substituted a-amino acid residue at the 
8-posit1on, with an acylating or alkylating agent bearing an 
activated coupling group. 

Process step i) above may be carried out in accordance with 
standard techniques known in the art, e.g. for the activation of 
carboxy groups by reaction with a regular carboxy activating 
agent such as a- or £-nitrophenol , l-hydroxy-benztriazole, 
pentaf luorophenol or N-hydroxy-succinimide. Reaction is suitably 
carried out in the presence of a condensing agent such as EDCI. 

Process step ii) may also be carried out In accordance with 
essentially conventional techniques. Thus amino or hydroxy groups 
may be suitably acylated by reaction with a derivative of a 
carboxylic acid in which the carboxy group is activated and which 
additionally bears an activated coupling group which Is non- 
reactive with amino or hydroxy as the case may be, for example 
N-C(2-pyridyl)dithio-propion-l-yl >succinimide, Cthe {2-pyridyl )- 
dithio moiety providing the activated coupling group (non 
reactive, in this instance, with both amino and hydroxy groups) 
and the -COO-succinimido moiety the activated carboxy group for 
effecting acylation]. Reaction 1s suitably performed in an inert 
solvent or diluent such as dichloromethane at e.g. ambient 
temperature. Alternatively hydroxy groups may be etherif led, 

e.g. to introduce an epoxy bearing moiety of formula -CH2-CH-CH2 
[the epoxy moiety providing the activated coupling group] 
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employing any of the various agents known in the art for such 
purpose, such as epichlorhydrin or epibromhydrin, e,g. In 
accordance with the general procedures described by 
Laumen et al. Loc, cit,. 

Cyclosporin starting materials for process step i) above may be 
prepared analogously to process step ii), e.g. for the production 
of a cyclosporin having a carboxy-substituted a-amino acid 
residue, e.g. at the 2- or 8-pos1tion: 

iii) by reaction of a cyclosporin having an amino- or hydroxy- 
substituted a-amino acid residue, e.g. hydroxy-substituted 
a-amino acid residue at the 2-position or amino- or 
hydroxy-substituted a-amino acid residue at the 8-position, 
either a) with a dicarboxylic acid in which one of the 
carboxy groups present is in protected form, or b) with a 
dicarboxylic acid anhydride e.g. succinic anhydride, 
reaction in' case a) being followed by deprotection of the 
carboxy group in the product cyclosporin. 

Reaction step iii) may also be carried out employing essentially 
conventional procedures, e.g. in the presence of an acid binding 
agent such as 4-d1 methyl ami nopyri dine, in an inert organic 
solvent or diluent, at ambient or slightly elevated temperature. 
Where carboxy protecting groups are employed as in variant a) 
these may be entirely conventional and removed by entirely 
conventional technique. 

Cyclosporin starting materials for process steps ii) and 111) 
having a hydroxy-substituted a-amino acid residue include the 
known cyclosporins: CThrQZ-Cyclosporine and C(D)Ser]8-Cyclo- 
sporine, the latter being disclosed and claimed e.g. in European 



wo 86/02080 



PCT/EP8S/00501 



- 14 - 



Patent No. 0 056 782, together with processes for its production 
in accordance with the general techniques of the total-synthetic 
method for the production of cyclosporins referred to above, or 
by fermentation technique. Other cyclosporins having a hydroxy- 
substituted a-amino acid residue, e.g. in the 8-position, may be 
prepared or obtained analogously and various further such Cyclo- 
sporins including C(D)Thr]8-Cyclosporine, CNva]2-[(D)Ser:P-Cyclo- 
sporine, and CThr32.[{D)Ser38-Cyclosporine have been described 
and claimed in US Patent Application Ser. No. 713 259 (filed 19 
March, 1985) = W. German Appn. No. P 3 509 809.0 (filed 19 March, 
1985) = French Appn. No. 8 404 172 (filed 19 March, 1985) s 
Australian Appn. No. 40 272/85 (filed 22 March, 1985) = UK Appn. 
No. 8 507 270 (filed 20 March, 1985) ^ New Zealand Appn. 
No. 211 526 (filed 21 March, 1985) = South African Appn. 
No. 85/2195 (filed 22 March, 1985).. 

Preferred cyclosporins having an ami no- substituted a-amino acid 
residue are those wherein the said amino acid residue is at the- 
8-position, cyclosporins wherein the residue at the 8-position is 
-(D)Lys- being especially preferred. Such cyclosporins may also 
be prepared in accordance with the general techniques of the 
total-synthetic method for the production of cyclosporins 
developed by R. Wenger, e.g. 

iv) by deprotection of a cyclosporin having an amino-substituted 
a-amIno acid residue at the 8-position said cyclosporin being 
in protected form, e,g. by deprotection of a cyclosporin 
wherein the residue at the 8-position is -(D)Lys- in 
N-£-protected form; or 
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v) cyclising a straight chain undecapeptlde having the sequence 
of the product cyclosporin, said undecapeptlde being in free 
or protected form, e,g» undecapeptlde comprising a -(D)Lys- 
residue in free or N-£-protected form at the position 
corresponding to the 8-position of the product cyclosporin, 
and when required carrying out precess step iv). 

Process steps iv) and v) may in particular be carried out in 
accordance with the general procedure hereinafter illustrated in 
example 1. 

As will be appreciated from the description of process steps i), 
ii) and 111) above, the products of steps 1) or ii) will 
generally comprise cyclosporins having an acylamino-, acyloxy- or 
alkoxy-substituted a-amino acid residue (i.e. a-amino acid 
residue having a side chain at the a-carbon atom comprising or 
bearing an acylamino-, acyloxy- or alkoxy- group), e.g. cyclo- 
sporin having an acyloxy- or alkoxy-substituted a-amino acid 
residue at the 2-posit1on or acylamino-, acyloxy- or alkoxy- 
substituted a-amino acid residue at the 8-position, In which the 
activated coupling group is present on the acyl/alkyl moiety. 

This may be more readily appreciated by reference to the 
following reaction schemes. Illustrating the production of 
particular groups of cyclosporins in accordance with the general 
methods of process steps i) to v) above: 

In the following formula la to Id, Ila to Ild and III, 

C represents the sequence -Sar-MeLeu-Val-MeLeu-Ala-, and 

3 4 5 6 7 
E represents the sequence -MeLeu-MeLeu-MeVal-. 

9 10 11 



ft 
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Reaction step i) 




il-Bal-C-Ol- 



(la) 



in which 

Al = -MeBmt-, 

3 -(o-acyl)-Thr- in which the acyl moiety bears a 
coupling group in non-activated form, for example a 
free carboxy group, e.g, -(O-hydroxysuccinyl)-Thr-, 
and 

Dl = -(D)Ala.: 

Activation, e.g. by reaction with a carboxy 
. activating agent suitably in the presence of a 
coupling agent such as EOCI: 



in which 

a1 and d1 have the meanings given above, and 

Bt>l =» -(0*acyl)-Thr- in which the acyl moiety bears an 

activated coupling group, for example an activated 
carboxy group, e.g. -(O-acyl)-Thr- in which the acyl 
moiety has th^e formula Z0-C0-(CH2)2-C0- in which Z is 
a carboxy activating group. 





in which 

A2 = -MeBmt- and B2 = -oAbu- or -Nva-, or 
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a2 = -dihydro-MeBmt-, and b2 = -Val- and 
Da^ = an acyl amino substituted (D)a-amlno acid residue, 
e.g. -(N-£-acyl)-.(0)Lys-, in which the acyl moiety 
bears a coupling group in non-activated form, for 
example a free carboxy group, e,g, -(N-£-hydroxy- 
succinyl)-(D)Lys-: 



Activation, e.g. by reaction with a carboxy 
activating agent, e.g. N-hydroxy succinimlde, 
suitably in the presence of a coupling agent such as 
ECDI: 



I 1 (lib) 



in which 

a2 and b2 have the meanings given above and 
0b2 = an acylamino substituted {D)a-am1no acid. residue, 
e.g. -(N-£-acyl)-(D)Lys-, in which the acyl moiety 
bears an activated coupling group, for example an 
activated carboxy group, e.g. -(N-<f-acyl )-(D)Lys- in 
which the acyl moiety has the formula 
Z0-C0-(CH2)2-C0- in which Z has the meaning given 
above. 

Reaction step ii) 

a) -Al-Ba3-C.Dl-E 



(Ic) 



in which 

Al and Dl have the meanings given above, and 
Ba^. = -Thr-: 
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0-alkylation to introduce an alkyl moiety bearing an 
activated coupling group, e.g. epoxy group, e.g. by 
reaction with epichlorhydrin or epibromhydrin: 



in which 

a1 and Ol have the meanings given above, and 

Blj3 = .(O-alkyl)-Thr- in which the alkyl moiety bears an 



activated coupling group, for example an epoxy group, 
e.g. -{0-epoxymethyl)-Thr-. 



in which 

a2 and have the meanings given above and 

=» an amino substituted (D)a-amino acid residue, e.g. 



-(D)Lys.: 

N-£*acylation employing an acylating agent bearing an 
activating coupling group non-reactive with -NH2, 
e.g. an acylating agent of formula Z0-C0-{CH2)2-Y 
wherein Z has the meaning given above and Y is an 
activated coupling group non-reactive with -NH2. 
e.g. a 2-pyridyl-dithio group: 




(lie) 



b) 




(Id) 
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I 1 did) 

in which a2 and b2 have the meanings given above, and 
Db^ = an acyl amino substituted (D)a-amlno acid residue, 
e.g. -(N-£-acyl)-(D)Lys., in which the acyl moiety 
bears an activated coupling residue, e.g. 
-CN-£- (3- (2-pyr1dyl )d1thio-propion-l-yl ) ]-(D)Lys-, 

Reaction step ill) 

a) A cyclosporin of formula Ic as defined above: 

^ Acylation, e,g, by reaction with succinic anhydride: 

A cyclosporin of formula la as defined above. 

b) A cyclosporin of formula Id as defined above: 

1^ Acylation, e.g. by reaction with succinic anhydride: 

A cyclosporin of formula lb as defined above. 
Reaction step iv) 



^2,B2^C-Da^-El 



(le) 



in which 

a2 and b2 have the meanings given above and 
Da* - an amino substituted (D)a-amino acid residue, e.g. 
-(D)Lys-, in protected form: 
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1^ Deprotection: • 

A cyclosporin of formula Id as defined above* 
Reaction step v) 

H-0a5-E-A2-B2-C-0H (III) 
in which 

a2 and b2 have the meanings given above and 
Da^ = an amino substituted (0) a-amino acid residue, e.g. 
-(D)Lys-, in free or -N*£-protected form: 

1^ Cyclisation in accordance with the method of R. Wenger: 

A Cyclosporin of formula Id or I e as defined above. 

It may at this point be noted that the hydroxy group at the 
3'-position in -MeBmt- and -dihydro-MeBmt- is of relatively low 
reactivity. Thus where processes described above involve reaction 
of cyclosporins having a hydroxy substituted a-araino acid residue 
at any one of positions 2 to 11, e.g, -Thr- 1n the 2-position. 
reaction with the hydroxy group of said residue will be in 
preference to reaction with the hydroxy group in -MeBmt- or 
-dihydro-MeSmt-, unwanted side reaction with the latter thus 
being readily avoidable. 
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In the formulae lb, lib. Id, lid, le and III above, a2 and b2 
preferably represent -MeBmt- and -oAbu- respectively. 

Whenever throughout the whole of the foregoing description, 
cyclosporins are referred to as having a specified residue at the 
8-position, but the configuration of said residue is not recited, 
the (D) -configuration is preferred. 

Cyclosporins having an activated coupling group described above 
as well as cyclosporins having an ami no-substituted a^amino acid 
residue at the 8-position in which the amino substituent is in 
free or protected form, or is otherwise derivatised, e.g. 
acylated are novel and comprise a part of the present Invention. 
The present invention accordingly provides: 

1.1 A cyclosporin having an a-amino acid residue bearing an 
activated coupling group. 

1.2 A cyclosporin according to 1.1 wherein the said a-amino 
acid residue is present at one of positions 2 through 11 
inclusive. 

1.3 A cyclosporin according to 1.2 wherein the said a-am1no 
acid residue comprises an acylamino-, acyloxy- or alkoxy- 
substituted a-amino acid residue in which, the activated 
coupling group is present on the acylamino-, acyloxy- or 
alkoxy substituent. 

1.4 A cyclosporin according to any one of 1.1 to 1.3 wherein 
the activated coupling group is an activated ester, 
activated dithio, or epoxy group. 
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1.5 A cyclosporin according to 1.3 wherein the said a-amino 
acid residue comprises: an acylamino substituted a-amino 
acid residue, wherein the acylamino substituent Is 
substituted in the acyl moiety thereof by an activated 
carboxy or activated dithio group; an acyloxy substituted 
a-amino acid residue, wherein the acyloxy substituent is 
substituted in the acyl moiety thereof by an activated 
carboxy group; or an alkoxy substituted a-amino acid 
residue, wherein the alkoxy substituent is substituted by 
an epoxy group. 

1.6 A cyclosporin according to any one of 1.3 to 1.5 wherein 
the said a-amino acid residue is an (o-acyl)-threonyl 
residue at the 2-position. 

1.7 A cyclosporin according to 1.6 wherein the acyl moiety has 
the formula ZO-CO-CH2-CH2-GO- wherein Z is a carboxy 
activating group. 

1.8 A cyclosporin according to 1.2 wherein the said a-amino 
acid residue is present at the 5-, 6-, 7- or a-position. 

1.9 A cyclosporin according to 1.8 wherein the said a-amino 
acid residue is a (D)a-dmino acid residue in the 
8-position. . ^ 

1.10 A cyclosporin according to 1.9 wherein the said a-amino 
acid residue is an acylamino substituted (D)a-amlno acid 
residue in which the activated coupling group is present on 
the acylamino substituent. 
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1.11 A cyclosporin according to 1.10 wherein the activated 
coupling group is an activated carboxy or activated dithio 
group. 

1.12 A cyclosporin having an amino substituted (D)a-amino acid 
residue at the apposition the amino substituent being in 
free or protected form, 

1.13 A cyclosporin having an acylamino substituted {O)a-amino 
acid residue at the 8-position wherein the acylamino 
substituent is substituted in the acyl moiety thereof by a 
free carboxy group. 

1.14 A cyclosporin according to any one of 1.10 to 1.13 of 
formula 

NH-X 
(CH2)4 

I 

-NH-CH-CO- 

(D) 

wherein X is hydrogen, an amino protecting, group or an acyl 
group substituted by a free carboxy group or an 
activated coupling group, for example an 
activated carboxy or dithio group, e.g. an acyl 
group of formula 

Y.CH2-CH2-C0- 

wherein Y is carboxy, an activated carboxy group 
or an activated dithio group. 
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1.15 A cyclosporin of formula Ila, lb, lib, lie. Id, Ild or le 
as hereinbefore defined. 

As hereinbefore discussed it has, in accordance with the present 
invention, now surprisingly been found that inmunogenic 
conjugates comprising a carrier and a cyclosporin coupled by the 
agency of an activated coupling group, in particular, obtained 
employing cyclosporins having an activated coupling group as 
described above, e.g. as defined under 1.1 to 1.11, 1.14 or 1.15, 
enable, for the first time, the production of monoclonal 
antibodies capable of distinguishing between cyclosporins and 
metabolites thereof. Thus immunogenic conjugates comprising the 
reaction products of such cyclosporins as aforesaid as hapten 
component are capable of eliciting an antibody response in 
animals challenged, e.g. inoculated therewith, such that antibody 
producing cells, e.g. spleen or lymph-node cells; subsequently 
recoverable therefrom may be used for the preparation of 
hybridoma lines providing monoclonal antibodies capable of 
distinguishing between therapeutically administered cyclosporins, 
e.g. Cyclosporine, and metabolites thereof, in particular 
metabolites thereof in man, e.g. Cyclosporine 17 and Cyclo- 
sporine 18. Such antigenic conjugates being hitherto unknown, the 
present invention further provides: 

2.1 An immunogenic conjugate comprising a carrier coupled to a 
cyclosporin by the agency of an activated coupling group, 
for example comprising a carrier coupled to a cyclosporin 
having, an a-amino acid residue bearing an activated 
coupling group, e.g. as hereinbefore described, in 
particular a cyclosporin as hereinbefore defined under any 
one of 1.1 to 1.11, 1.14 or 1.15 (formulae Ila, lib, lie or 
lid) above. 
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2.2 An immunogenic conjugate obtained or obtainable by coupling 
of a cyclosporin having an a-amino acid residue bearing an 
activated coupling group, e.g. as hereinbefore described, 
in particular a cyclosporin as hereinbefore defined under 
any one of 1.1 to 1.11, 1.14 or 1.15 (formulae Ila, lib, 
lie or Ild) above. 

2«3 An immunogenic conjugate, e.g. as defined under 2.1 or 2.2, 
capable of use in the production of a monoclonal antibody 
capable of distinguishing between a cyclosporin and a 
metabolite thereof, e.g. a monoclonal antibody as 
hereinafter described and, in particular, as hereinafter 
defined under any one of 3.1 to 3.10 below. 

Suitable carriers for the immunogenic conjugates of the invention 
include any of those known and commonly employed in the art In 
particular high molecular weight polypeptides, especially 
proteins such as serum albumins, e.g. bovine serum albumin and 
chicken ovalbumin, immunoglobulins, in particular of the class 
IgG such as chicken or guinea pig IgG and synthetic polymers such 
as polyglutamic acid. 

In addition the present invention provides a process for the 
production of an immunogenic conjugate as defined above, which 
process comprises: 

vi) Coupling a carrier, e.g. as hereinabove described, bearing 
an activated coupling group with a cyclosporin having an 
a-amino acid residue bearing an appropriate co-reactive, 
e.g. hydroxy or amino, group, e.g. with CThr]2-Cyclosporine 
or C(D)Lys]8.Cyclospor1ne, or coupling a carrier, e.g. as 
hereinabove described, with a cyclosporin having an a-amino 
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acid residue bearing art activated coupling group, e.g. as 
hereinbefore described, in particular a cyclosporin as 
hereinbefore defined under any one of 1.1 to 1.11, 1.14 or 
1.15 (formulae Ila, lib, lie or Ild) above. 

The above process step is carried out by direct reaction of the 
cyclosporin component, i.e. without use of a coupling agent. 
Reaction is suitably effected by addition of the cyclosporin 
component dissolved in an appropriate inert diluent or carrier 
such as dimethyl formamide to a buffered preparation of the 
carrier, e.g. carrier protein, e.g. solution or supension 1n 
bicarbonate buffer, at ambient temperature.^ The obtained 
immunogenic conjugate is suitably purified by dialysis, e.g. 
against phosphate buffered saline. 

The above described immunogenic conjugates, e.g. as defined under 
2.1 to 2.3, may be employed to produce monoclonal antibodies by 
essentially standard techniques, e.g. via a stepwise procedure 
comprising: a) administration of an immunogenic conjugate, e.g. 
as defined under any one of 2,1 to 2.3 above, to an appropriate 
animal species; b) recovery of antibody producing, e.g. spleen or 
lynph*node, cells sensibilised to the immunogenic conjugate; c) 
immortalization of recovered cells, e.g. by fusion with an 
appropriate myeloma cell line to produce hybridoma cell lines; 
and d) selection of an immortalized cell, e.g. hybridoma line , 
producing monoclonal antibodies as required. 

Step a) is suitably carried out using rats or mice, e.g. j Balb/c 
mice as red pi ient, and administration of the immunogenic conju- 
gate by s.c. or i.p. injection in an amount of from ca. 50 to 
200, e.g. ca. 100 yg followed by booster injections, i.p., s.c. 
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or i.m., 14 to 21 days later. Mice showing high-t1tred antisera 
of appropriate isotype distribution, e.g. as determined by 
regular RIA and/or ELISA technique, are given further booster 
injections e,g, in accordance with the specific procedures 
hereinafter described in example 9, and antibody producing, e.g. 
spleen cells, collected [step b)]. Step c) may be performed in 
accordance with any of the techniques practiced in the art, e.g. 
using the method described by S. Fazekas et al., "J. Immunol. 
Methods" 35^, 1-32 (1980), a preferred myeloma line being a mouse 
(Balb/C) line. In step d), growing myeloma lines are screened for 
antibody production against a cyclosporin, e.g. 1n a regular RIA 
system using a radio! abelled derivative thereof or in a regular 
ELISA system, e.g. as hereinafter described in example 9. 

By application of the above procedures using the particular 
immunogenic conjugates of the present invention, it Is possible 
to obtain monoclonal antibodies which exhibit a degree of 
specificity such that they are capable of distinguishing between 
individual cyclosporins differing from one another in only minor 
structural elements, e.g. presence of a single hydroxy group in 
place of a hydrogen atom. More importantly the present invention 
makes it possible, for the first time, to obtain monoclonal 
antibodies capable of distinguishing between cyclosporins, e.g. 
Cyclosporine, and metabolites thereof, in particular metabolites 
thereof In man. Thus monoclonal antibodies obtaiiiable in 
accordance with the methods of the invention are found to be 
reactive with cyclosporins, e.g. Cyclosporine, while exhibiting 
relatively low cross-reactivity with metabolites thereof. 
Moreover employing immunogenic conjugates in accordance with the 
invention, e.g. as defined under 2.1 to 2.3 above, in which the 
cyclosporin hapten component corresponds to a selected "target" 
cyclosporin, the present invention enables the obtention of mono- 
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clonal antibodies capable of distinguishing between the "target" 
cyclosporin and structurally closely related metabolites, e.g. 
human metabolites* thereof* Thus starting from immunogenic 
conjugates obtained by coupling of a carrier with a cyclosporin 
having an activated coupling group at the 2-pos1t1on, e.g. as 
defined under 1.6 above, and in which the a^amino acid residues 
at the remaining positions 1 and 3 to 11 are the same as those in 
Cyclosporine, it is possible to prepare monoclonal antibodies 
reactive with Cyclosporine as "target" cyclosporin in preference 
to metabolites thereof in man, e.g. Cyclosporines 1^, 8^, 10^, 

16 , 17 , 18 and/or 21^, in particular 17^ and/or 18 and especially 

17 . Similarly, starting from immunogenic conjugates obtained by 
coupling of a carrier with a cyclosporin having an activated 
coupling group at the 5-, 6-, 7- or 8-position, e.g. as defined 
under 1.8 above, in particular the 8-position, e.g. as defined 
under any one of 1.9, 1.11, 1*14 or 1.15 (formulae lib or lid) 
above, and in which the residues at the remaining positions, 
e.g. 1 to 7 and 9 to 11, correspond to those in Cyclosporine, 
dihydro-CVal 32.Cyclospor1n€ or CNva]2-Cyclosporine, monoclonal 
antibodies may be prepared reactive with Cyclosporine, dihydro- 
CVal32.cyclosporine or CNva]2-Cyclosporine as "target" cyclo- 
sporin, in preference to metabolites thereof, e.g. metabolites 
thereof in man, such as, in the case of Cyclosporine, those 
recited immediately above. 

Monoclonal antibodies obtainable in accordance with the methods 
of the invention are, in particular, capable of distinguishing ■ 
between "target" cyclosporins and metabolites thereof exhibiting 
structural transformation of the a-amino acid residue at the 
l-pos1tion, e.g. metabolites which differ from the non- 
metabolised cyclosporin from which they are derived by substi- 
tutional or other chemical modification of the -MeBmt- or 
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-dihydro-MeBmt- residue at the l-pos1t1on, in particular 
exhibiting structural transformation at a terminal position in 
the residue at the l-position» e,g. comprising hydroxylation at 
of the terminal {C9) -MeBmt- methyl group, as in the case of 
monoclonal antibodies described in the accompanying example 9, 
which are reactive with Cyclosporine while having relatively low 
cross-reactivity with its metabolite Cyclosporine 17. In so far 
as such metabolic transformation of cyclosporin is of especial 
significance, e.g. as characteristic of major metabolites in man, 
as in the case of Cyclosporins 17, and 18, ability of monoclonal 
antibodies obtainable in accordance with the methods of the 
invention to distinguish between cyclosporins and metabolites 
thereof exhibiting such transformation is in particular to be 
noted • 

Cross-reactivity with metabolites, e,g. as described above, is 
preferably ca. 5 % or less, more preferably ca. 3 >C or less, more 
preferably ca. Z % or less, of reactivity with the non- 
metabolised cyclosporin, e.g. as measure by RIA or ELISA, e.g. 
competitive ELISA, technique, suitably employing a buffer e.g. of 
ca. pH 6 to 8, in particular 7 to 8, and appropriately also 
containing a minor amount, e.g. 0.01 to 0.1 % e.g. 0.01 to 
0.05 %j of a non-ionic surfactant or tenside such as Tween, for 
example phosphate buffered saline at pH 7.5 and containing 0.03 % 
surfactant, e.g. Tween 20. Thus monoclonal antibodies obtainable 
in accordance with the methods of the invention and reactive with 
Cyclosporine exhibit a distinction in IC50 ratio for Cyclo- 
sporine 17 as compared with Cyclosporine, measured by competitive 
ELISA technique under conditions as set forth above of the order 
of 35 fold or greater. 

Monoclonal antibodies obtainable in accordance with the methods 
of the invention are also characterised by high affinity for the 
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"target" cyclosporin, e.g. Cyclosporine. Thus preferred mono- 
clonal antibodies in accordance with the invention will exhibit 
an affinity constant [equilibrium dissociation constant] In 
respect of the "target" cyclosporin, e.g. Cyclosporine, of the 
order of 10-9 mol/L or less, preferably 10-10 mol/L or less, e.g. 
at normal RIA temperatures (ca, 4 to 37 ^C) as determined by 
standard methods, e.g. in accordance with the method described by 
MUller et al.. Methods In Enzymology, 92, 589 - 601 (1983), 

The present Invention further permits the ready obtention of 
monoclonal antibodies of the class IgS, e.g. of the sub-class 
IgGi* In so far as such antibodies are especially suited to use 
in diagnostic/assay kits, e.g. as described below, these are 
preferred. 

Monoclonal antibodies as described above, as well as hybridoma 
lines producing them are entirely novel and, as will be 
appreciated from the foregoing description of their general and 
specific properties, well adapted for use in diagnostic/assay kit 
systems, e.g. for monitoring of cyclosporin drug plasma-blood 
levels in patients receiving cyclosporin therapy. The present 
invention accordingly also provides: 

3.1 A monoclonal antibody capable of distinguishing between a 
cyclosporin, e.g. a predetermined cyclosporin, and a 
metabolite thereof, in particular at least one metabolite 
thereof in man, especially at least one major metabolite 
thereof in man. 

3.2 A monoclonal antibody according to 3.1 reactive with a 
cyclosporin, e.g. a predetermined cyclosporin, and 
exhibiting relatively low cross-reactivity with a 
metabolite thereof, in particular at least one metabolite 
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thereof 1n man, especially at least one major metabolite 
thereof in man. 

3.3 A monoclonal antibody according to 3.1 or 3.2 wherein the 
cyclosporin is Cyclosporine, dihydro-CVal]2-Cyclosporine or 
CNva32-Cyclosporine^ especially Cyclosporine. 

3.4 A monoclonal antibody according to any one of 3.1 to 3.3 
wherein the metabolite is a metabolite exhibiting 
structural transformation of the a- ami no acid residue at 
the l-position, in particular at a terminal position on the 
residue at the 1-position, e.g. exhibiting terminal 
hydroxylation of the a- ami no acid residue -MeBmt- at the 
1-position. 

3.5 A monoclonal antibody according to 3.4 wherein the cyclo- 
sporin is Cyclosporine and the metabolite is Cyclosporin 1^, 
Bf 9.» 12.» !§. 21, especially Cyclosporine 17, or 
18, most especially Cyclosporine 17. 

3.5 A monoclonal antibody according to any one of 3.2 to 3.5 
wherein cross reactivity with the metabolite Is of the 
order of ca. 5 % or less, preferably 3 % or less, more 
preferably 2 % or less, e.g. as measured by RIA or ELISA 
technique, for example under conditions as hereinbefore set 
forth. 

3.7 A monoclonal antibody according to any one of 3.1 to 3.6 
wherein the affinity constant with respect to the 
(predetermined) cyclosporin, e.g. Cyclosporine, is of the 
order of 10-9 mol/litre or less, preferably 10-10 mol/litre 
or less, e.g. as measured under conditions as hereinbefore 
set forth. 
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3.8 A monoclonal antibody according to any one of 3.1 to 3.7 of 
the class IgS. 

3.9 A monoclonal antibody, e.g. according to any one of 3.1 to 
3.8, obtained or obtainable by: 

a) coupling of a cyclosporin having an a-amino acid 
residue bearing an activated coupling group, e.g. as 
hereinbefore described, in particular as hereinbefore 
defined under any one of 1.1 to I, 11, 1.14 or 1.15 
(formulae Ila, lib, lie or Ild) above, to a carrier to 
obtain an immunogenic conjugate; 

b) administration of said immunogenic conjugate to an 
appropriate animal species to effect immunogenic 
challenge, and recovery of antibody producing cells 
sensitised to said conjugate; 

c) immortalisation of said antibody producing cells, e.g. 
by fusion with an appropriate myeloma cell line; and 

d) recovery of monoclonal antibody from a selected 
immortalised cell line, e.g. hybridoma cell line, thus 
established. 

3.10 A monoclonal antibody, e.g. according to any one of 3^1 to 
3.8 obtained or obtainable by: 

a) recovery of antibody producing cells sensitised to an 
imnunogenic conjugate according to any one of 2.1 to 
2.3 above; 
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b) immortalisation of said antibody producing cells, e,g. 
by fusion with an appropriate myeloma cell line, and 

c) recovery of the required monoclonal antibody from a 
selected immortalised cell line, e,g. hybridoma cell 
line, thus established. 

4.1 A hybridoma cell line producing a- monoclonal antibody 
according to any one of 3.1 to 3*8 above. 

4.2 A hybridoma cell line obtained or obtainable in accordance 
with steps a) to c) of 3.9 above or steps a) and b) of 3.10 
above. 

As will be appreciated, monoclonal antibodies in accordance with 
the invention may distinguish between any given cyclosporin, 
e.g. Cyclosporine, and a plurality of its metabolites, e.g. 
exhibit low-cross reactivity with respect to more than one of its 
metabolites. 

In addition to the foregoing the present Invention also provides: 

vii) A method for the production of a monoclonal antibody as 
defined under any one of 3.1 to 3.8 above, which method 
comprises culturing a hybridoma cell line producing such 
antibody and recovering the antibody thus produced; and 

v11i) A method for the production of a hybridoma cell line 

producing a monoclonal antibody as defined under any one of 
3.1 to 3.8 above, which method comprises immortalizing an 
antibody producing cell, e.g. spleen or lymph-node cell, 
producing such antibody, e.g. by fusion with an appropriate 
myeloma eel 1 1 ine. 
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The above process steps may be performed in accordance with now 

standard techniques, e«g. as hereinabove described, or as ' f 

described in the accompanying examples, preferred myeloma cell 

lines for use in process viii) being a mouse (Balb/C) myeloma 

cell line. 

In accordance with a yet further aspect of the present invention 
it has also surprisingly been found that cyclosporins having a 
-(D)Lys- residue at the 8-posit1on, i.e. as defined under 1.14 or 
1.15 (formula Id) above, as well as derivatives in which the N-£- 
atom thereof is further derivatised, exhibit e.g. cell binding 
characteristics which parallel those of the corresponding 
"parent" cyclosporin (e.g. the corresponding cyclosporin having 
-(D)Ala- at the 8-pos1tion) to a surprising and remarkable 
degree. This finding is of especial significance since the 
N-£-'nitrogen atom of -(D)Lys- provides an ideal position at which 
labelling may be effected, e.g. at which label or tracer groups 
may be introduced. Such labelled cyclosporins provide a further 
key tool for study of the mechanism of action of "parent"* cyclo- 
sporins (e.g. in the case of C(0)Lys]8-Cyclosporine of Cyclo- 
sporine) and/or for identifying binding sites of the "parent" 
cyclosporin, e.g. in in vitro tissue culture preparations. Thus 
radioactively labelled derivatives, e.g. 125i labelled 
derivatives, are useful for rapid autoradiography of tissues, 
e.g. as In kidney micro- autoradiography. 

In addition labielled, e.g. radioactively or f luorescently 
labelled, derivatives obtainable from cyclosporins having a 
-(D)Lys- residue at the 8-position provide ideal components for 
use e.g. in RIA and FIA diagnostic kits. C(D)Lys]8.cyclospor1ns 
thus provide a means for the ready obtention of labelled 
analogues of the "parent" cyclosporin having equivalent binding 
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properties, e.g. 1n relation to monoclonal antibodies to the 
parent cyclosporin, e.g. as obtained In accordance with the 
present Invention or as hereinabove defined, and hence efronlnently 
useful as diagnostic/ assay kit component or co-component. 

Accordingly the present invention also provides: 

5-1 A labelled derivative of a cyclosporin wherein the residue 
at the 8-pos1t1on is -(D)Lys-; In particular 

5.2 A labelled derivative of a cyclosporin of formula Id as 
defined above. 

By the term "labelled derivative" as used herein is meant a 
derivative bearing a tracer or marker atom or group, e.g. 
enabling or facilitating quantitative assay or location of said 
derivative. Such derivatives include derivatives, e.g. wherein 
one or more atoms of the -(D)Lys- residue functions as a tracer 
or marker atom, e.g. radioactive atom, as well as derivatives 
wherein a tracer or marker group is attached to the N-£-atom of 
the -(D)Lys- residue either by direct linkage of the tracer or 
marker group to said N-f-atom or by linkage of the tracer or 
marker group to said N-£-atom via an intervening linking moiety. 
Examples of labelled derivatives include radioactlvely labelled 
derivatives, fluorescent and chemi luminescent derivatives and 
derivatives suitable for photoaffinity labelling, i.e. provided 
with a substituent which will react with a protein to which the 
cyclosporin is bound on illumination. Radioactlvely labelled 
derivatives as aforesaid include derivatives wherein the N-£-atom 
of the -(O)Lys- residue at the 8-position attaches to e.g. an 
125i labelled p-OH-phenyl-propionyl residue. Fluorescent and 
chemi luminescent derivatives as aforesaid Include derivatives 
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wherein the N-2-atom of the -(D)Lys- residue at the 8-position 
attaches to a fluorescent group, such as a dansyl or rhodamine 
group, or chemiluminescent group such as an acridinlum ester 
group, e.g. as described in Clin. Chem. 29, 8, pp 1474 - 1479 
(1983). A particular group of cyclosporins as defined under 5.1 
and 5.2 above. ape accordingly 

5.3 those wherein the residue at the exposition is a residue of 
formula 

NH-Q 
(CH2)4 

I 

-NH-CH-CO- 

. (D) 

wherein Q Is or comprises a tracer or marker group. In particular 
radioactively labelled, fluorescent or chemiluminescent group, 
e.g. as specifically described above. 

Labelled derivatives as aforesaid may be prepared analogously to 
process steps iv) and v) above, e.g. employing starting materials 
in which the -(D)Lys- residue at the 8-pos1t1on is pre-labelled* 
Alternatively they may be prepared by introduction of an 
appropriate labelling substituent, e.g. at the N-£-atom of the 
-(D)Lys- residue at the 8-pos1t1on. Thus fl.uorescently labelled 
derivatives may be prepared by coupling of a fluorescent moiety 
to the N-£-atom e.g. by N-f-dansylation. Similarly radioactively 
labelled derivatives may be prepared by coupling of a radio- 
actively labelled substituent, e.g. 12Si labelled p-OH-phenyl- 
propionyl, to the N-£-atom. In the latter case the substituent 
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may either be in labelled form prior to introduction or may be 
labelled subsequent to introduction. For example the N*£-atom of 
the lysine residue in the 8-position may either be reacted 
directly with IZSj. labelled p-OH-phenyl-proplonIc acid or with 
unlabelled p-0H-phenyl-prop1onic acid and the obtained N-^-amide 
subsequently labelled in the p-OH-phenyl moiety with 12Si. 
Coupling may be effected In accordance with standard techniques 
known in the art for example by reaction with p-OH-phenyl- 
propionic acid (labelled or unlabelled) in the form of its 
N-hydroxy-sucdnlmlde ester, 

125i label led-p-OH-phenyl-propionic acid may itself be prepared 
by the chloramine T-method [Hunter and Greenwood, Nature, 194 , 
495 (1962) ]♦ Where labelling is effected subsequent to coupling 
this may be carried out using the chloramin T-method or the 
iodogen-method [Good, J.Clin.-Chem.Clin.Biochem,, 12, 1051 
(1981)3. Derivatives of the cyclosporins of the invention which 
are susceptible to labelling, e.g. as described above, for 
example derivatives wherein the N-£-atom of -(D)Lys- at the 
8-position is substituted by a group, such as p-OH-phenyl- 
propionyl, susceptible to 125iodination, are immediate precursors 
of the labelled derivatives of the invention and are also to. be 
understood as being within the purview of the present invention. 

In accordance with the foregoing the present invention also 
provides: 

ix) A process for the production of a labelled derivative as 
defined under any one of 5.1 to 5.3 above, in free or 
protected form, which process comprises labelling the 
corresponding unlabelled free or protected cyclosporin, 
e.g. introducing a labelling substituent, for example as 
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hereinbefore described, at the N-£-atom of the -(O)Lys- 
residue at the 8-pos1t1on thereof, and when required 
carrying out process step iv) above. 

It may at this point additionally be noted, that the cyclosporins 
having a free amino group .as defined under 1.12 above, for 
example the compound C(D)Ly.s38-Cyclosporine, also possess pharma- 
ceutical, in particular immunosuppressive, anti-inflaiwnatory and 
ant i -parasitic (e.g. anti-malarial and anti-cocci diomycotic) , 
activity, as can be demonstrated in standard in vivo and in vitro 
tests, for example in the various test methods described in 
European Patent No. 0 056 782. 

In accordance with a yet further aspect of the present invention 
it has been found that immunogenic conjugates in which the 
carrier molecule is coupled to a cyclosporin as hapten via the 
residue at the 5-, 6-, 7- or 8-position, in particular the 
8-position, including such conjugates as defined under 2.1 to 2.3 
above, as well as conjugates obtained by coupling of a cyclo- 
sporin bearing an amino acid having a reactive group at any one 
of these positions other than an activated coupling group to a 
carrier by means of a coupling agent, are capable of generating 
regular polyclonal antisera of higher specificity than hitherto 
obtainable e.g. employing conjugates obtained by coupling of a 
carrier to .(Thr)2- in (Thr)2-Cyclosporine. 

(By the term "reactive group" as used above is to be understood 
any group which permits or enables coupling with a carrier, e.g. 
polypeptide or other appropriate macromolecule. Generically the 
term thus embraces activated coupling groups as hereinbefore 
defined as well as other groups capable of reaction, e.g. free 
amino, carboxy or hydroxy groups),. 
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Immunogenic conjugates comprising a cyclosporin as hapten, linked 
to a carrier via the a-amino acid residue at the 5-, 6-, 7- or 
8-position are novel as such. Preferred cyclosporins providing 
the hapten moiety of such conjugates are in particular those 
having an activated coupling group as defined under 1.8 to 1.11, 
1.14 and 1.15 (formulae lib and Ild) above. 

The present invention accordingly also provides: 

2.4 An immunogenic conjugate comprising a carrier coupled to a 
cyclosporin via the a*amino acid residue at position 5-, 
5-, 7- or 8- of said cylosporin. 

2.5 An Immunogenic conjugate comprising a carrier coupled with 
a cyclosporin having an activated coupling group as defined 
under any one of 1.8 to 1.11, 1.14 or 1.1& (formulae lib 
and lid) above. 

2.6 An immunogenic conjugate comprising a carrier coupled with 
a cyclosporin having a free amino or carboxy group as 
defined under any one of 1.12 to 1.14 and 1.15 (formulae lb 
and Id) above, in particular a cyclosporin as defined under 
1.14 above or of formula Id as defined above. 

3.11 A monoclonal antibody according to 3.9 above, characterised 
In that the cyclosporin employed at step a) is a cyclo- 
sporin as defined under 2,5 above. 

6-1 Antibody reactive with a cyclosporin (Including polyclonal 
antiserum containing antibodies reactive with a cyclo- 
sporin) generated in response to an immunogenic conjugate 
as defined under any one of 2.4 to 2.6 above. 
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6.2 Antibody according to 6.1 reactive with Cyclosporine, 
d1hydro-CVal32.Cyclospor1ne or CNva]2-Cyclosporine, 
especially Cyclosporine. 

Irranunogenic conjugates as defined under 2.5 may be prepared In 
accordance with the methods of process step vi) above. Immuno- 
genic conjugates as defined e.g. under 2.6 may be prepared by 
methods as hereinbefore described or by a process comprising: 

x) Coupling a carrier to a cyclosporin having an a-araino acid 
residue hearing a reactive group (i.e. a-am1no acid residue 
having a side chain at the a-carbon atom comprising or 
bearing a reactive group), e.g. a cyclosporin bearing a 
free amino or carboxy group as defined under any one of 
1.12 to 1.14 and 1.15 (formulae lb and Id) above. 

The above process step may be effected in accordance with 
techniques known in the art, by linkage of the carrier to the 
cyclosporin via the intermediary of a coupling reagent. Thus in 
the case of cyclosporins having a -(D)Lys- residue at the 
8-posit1on, conjugates may be obtained by linkage of the carrier, 
e.g. polypeptide, for example immunoglobulin, to the -(D)Lys- 
N-£-atom, employing the carbodiimide procedure CKelUe et al., 
"Steroid Immunology", ed. Cameron et al.. Alpha. Omega, Cardiff, 
19753 or by Mannich reaction employing formaldehyde as the 
coupling reagent. 

Suitable carriers include those of the type already referred to 
in relation to the preparation of conjugates for the production 
of monoclonal antibodies. In particular high molecular weight 
polypeptides, especially proteins such a serum albumins, immun- 
globulins and synthetic polymers such as polyglutamic acid. 
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Regular polyclonal antisera as defined under 6,1, while lacking 
the fine specificity of monoclonal antibodies as hereinbefore 
described and defined, are also useful, e,g, as diagnostic/assay 
kit components, in particular having regard to their Improved 
specificity with respect to cyclosporins as compared with such 
antisera known from the art. They may be prepared employing 
essentially conventional techniques, e.g. by a process 
comprising: 

xi) El 11 citing an immune response in an appropriate animal 

species by administration of an immunogenic conjugate as 
defined under any one of 2.4 to 2.6 above and recovering 
antisera thus generated, 

4 

The above defined process step xi) may be performed e.g. by 
administration of the immunogenic conjugate to e.g. a mouse, 
sheep or chicken, e.g. by injection. After an appropriate 
Incubation period the antiserum is recovered and is suitably 
lyophylised, e.g. for later use in kits, for example as herein- 
after described. The period of incubation is suitably chosen to 
give an antiserum titre of greater than 1 : 2,000, e.g. in the 
range of from about 1 : 7,000 to about 1 : 10,000, In e.g. 
regular RIA. 

As previously indicated the monoclonal antibodies and polyclonal 
antisera, as well as labelled cyclosporins of the invention are 
all of particular utility as components of di agnostic/ assay kit 
systems, e.g. immuno assay kits. 

Accordingly, in a yet further aspect the present invention 
provides: 
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7. An ininuno assay kit or system, e.g» RIA or FIA kit or 

system, for cyclosporlne assay, for example for the assay of 
a cyclosporin, e,g. Cyclosporlne, In subjects receiving 
cyclosporin', e.g. Cyclosporlne, therapy, said kit or system 
comprising: 

A) Antibody or antiserum as defined under any one of 3.1 to 
3,11 or 5.1 to 6.2 above, in particular a monoclonal 
antibody as defined under any one of 3.1 to 3.11 above, 
and/ or 

B) a labelled derivative of a cyclosporin as defined under 
any one of 5.1 to 5.3 above, 

as component of said kit or system. 

Kits as defined under 7 are useful for diagnostic purposes, e.g. 
for determining quantities of a cyclosporin present in blood, 
blood plasma or urine, e.g. as a means of establishing an 
appropriate dosaging regimen for patients receiving cyclosporin 
therapy. Such kits provide an assay means for cyclosporins, e.g. 
Cyclosporlne, of hitherto unmatched sensitivity. 

Kits, e.g. RIA and FIA, kits in accordance with the invention may 
be of entirely conventional type for use 1n accordance with 
conventional RIA and FIA assay techniques. Thus RIA kits will 
suitably comprise In addition to antiserum or antibody, e.g. A) 
above, an appropriate labelled cyclosporin derivative, e.g. B) 
above, and C) cyclosporin standard. The labelled cyclosporin 
derivative will be complementary to the cyclosporin to be 
assayed. Suitably it will be a labelled derivative as defined 
under B) above, e.g. where Cyclosporlne is to be assayed it will 
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suitably be a labelled derivative of C(D)Lys}8-Cyclospor1ne» 
However it may also be any other labelled complementary 
cyclosporin, for example where Cyclosporine is to be assayed, 
tritlated Cyclosporine. The cyclosporin standard C) will 
generally be a solution or the like comprising a known quantity 
of the cyclosporin to be assayed. 

In use, e.g. lyophilised, antiserum/ antibody is dissolved and 
Incubated together with e.g. component B) and with either the 
sample to be assayed or component C). Incubation is preferably 
effected with cooling e.g. at 4*C, The pH of the Incubating 
mixture is preferably kept in the range of from about 5 to 8, 
e.g. at about pH 7 or 8» preferably with the aid of a buffering 
agent such as a citrate or tris buffer. 

Incubation conveniently lasts for at least 2 hours, e.g. from 
about 6 to about 12 hours. After Incubation the fraction of e.g. 
component B) bound to the antibody is separated from the unbound 
fraction, e.g. by the use of charcoal such as dextran-coated 
charcoal. The unbound fraction adsorbs onto the charcoal and may 
then be separated by filtration or by centrifugation. The amount 
of radioactivity in one fraction is then measured by standard 
techniques, e.g. by liquid scintillation counting after the 
addition of a secondary- solute. The proportion of component B) 
bound to the antibody is inverseley proportional to the amount of 
cyclosporin In the unknown plasma sample. For quantitive 
analysis, it is usual to prepare a standard calibration curve by 
analysing solutions of the cyclosporin of known concentration. 

FIA kits in accordance with the invention may be e.g. of the kind 
wherein antibodies are bound to a light scavenger and which 
depend upon competition between a fluorescent cyclosporin (e.g. a 
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fluorescently labelled derivative in accordance with the 
invention) and the antibody. 

Alternatively assay kits/ systems as defined under 7 above may be 
based on any of the conventional ELISA systems known in the art. 

The following examples are illustrative of the present invention: 
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EXAMPLE 1: Preparation of C(D)Lys8>Cyc1ospor1ne 

a) A solution of 6,4 g H-MeLeu-MeLeu-MeVal-OBzl maleinate in 
CH2C12 (200 ml) and HgO (100 ml) is adjusted to pH 8 using 
solid K2C03, After extracting 2x, each time with CH2CI2 

(200 ml), the organic phase is dried over Na2S04 filtered and 
evaporated to dryness to yield free H-MeLeu-MeLeu-MeVal-OBzl 
as a crystalline residue, 

b) (N^-B0C)-FM0C-(D)Lys (5.25 g) is dissolved in CHCla (100 ml) 
and N-methylmorpholine (2.95 g) is added with stirring. After 
cooling the solution to -20*. pivaloyl chloride (1.75 g) is 
added dropwise, and the reaction mixture is stirred for 

5 hours at -20*. A solution of H-MeLeu-MeLeu-MeVal-OBzl 
(6.34 g) in CHC13 (20 ml) is added to the anhydride solution 
dropwise and stirred for 17 hours at -20* to complete 
reaction. After diluting the CHCI3 solution with further 
CHCI3 (200 ml), the mixture is shaken with saturated NaHC03 
solution (100 ml). The organic phase is dried over Na2S04, 
filtered and the solvent evaporated to dryness. 

The obtained oily residue is purified chromatographically, 
using 25x the amount of silica gel (particle size 0.063 - 
0.20 mm) and methylene chloride with additional 3 % methanol 
as eluant: Ca]gO = -114. 2' (c = 1.0 in CHCI3). 

c) (N-^BOC)-FMOC-(D)Lys.MeLeu-MeLeu-MeVal.OBzl (8.8 g) 
dissolved in absolute ethanol (400 ml) is hydrogenated with 
10 % palladium/C catalyst (0.6 g) in a Gastar hydrogenator 
until the theoretical quantity of H2 is taken up (214 ml). 
After evaporating off the solvent, the residue is purified 
chromatographically using SOx the quantity of silica gel 



r 
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(0.063 - 0.20 mm) and methylene chloride plus 7 % methanol as 
eluant: Ca]20 = . 129.1 * (c = 1.0 in CHCI3). 

d) (N-^.BOC)-FMOC-(D)Lys.MeLeu.MeLeu.MeVal-OH (7.1 g) and 
H-MeBmt-oAbu-Sar-MeLeu-Val-MeLeu-Ala-OBzl (7.4 g) are 
dissolved In methylene chloride (100 ml), and N-methyl- 
morpholine (1.72 g) and Castro reagent (Bt-0P(NMe2)3PF6) 
(5.6 g) are added at room temperature (25*). The reaction 
mixture is stirred for 3 days at room temperature, then the 
solution is diluted with methylene chloride (200 ml) and 
shaken with saturated NaHCOs solution (100 ml). The organic 
phase is dried over Na2S04, filtered and evaporated to 
dryness. The obtained oily residue is purified chromato- 
graphlcally on silica gel (500 g) (0.06-0.20) using methylene 
chloride plus 3 * methanol as eluant: CalgO = -143.8* (c - 
1.0 in CHCI3). 

e) (N-£-BOC) -FMOC- (D ) Lys-MeLeu-MeLeu-MeV al -MeBmt-oAbu-Sar-MeLeu- 
Val-MeLeu-Ala-OBzl (5.54 g) are stirred for a total of 

4 hours at room temperature in a solution of methylene 
chloride (50 ml) and piperidine (10 ml). The solvent is eva- 
porated and the obtained oil chromatographed on Sephadex LH20 
(300 g) using methylene chloride plus 3 * methanol as eluant: 
CalgO .165.2* (c « 1.0 in CHCI3). 

f) 0.2N NaOH (24 ml) is added to (N-£-BOC)-H.(0)Lys-MeLeu-MeLeu- 
MeVal-MeBrnt-oAbu-Sar-MeLeu-Val-MeLeu-Ala-OBzl (6.48 g) 
dissolved In ethanol (75 ml). After 7 hours the solution is 
adjusted to pH 4 by dropwise addition of 2N HCl with 
cooling. After evaporation of the solvent, the obtained 
residue is shaken in CH2CI2 (200 ml) and saturated NaHCOs 
(200 ml) solution. After extraction of the aqueous phase 2x, 
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each time using methylene chloride (200 ml), the organic 
phase is dried over Na2S04, filtered off and evaporated. The 
product Is purified chromatographlcally on silica gel (300 g) 
(0»06-0,20 mm) using methylene chloride plus 20 % methanol as 
eluant: Ca3gO = -169. 9* (c = 1.0 In CHCI3). 

g) [Process step v)] 

Dimethyl ami nopyrldine (147 mg) Is added with stirring to 
{N-£-80C)-H-(D)Lys-MeLeu-MeLeu-MeVal-MeBmt-aAbu.Sar-MeLeu- 
Val-MeLeu-Ala-OH (413 mg) dissolved In methylene chloride 
(2000 ml). Propane phosphonic add anhydride C{0«19 g) 50 % 
solution In CH2CI23 added and the reaction mixture is 
stirred for 24 hours at 25*. The obtained solution is washed 
with saturated NaHCOs solution (200 ml), the organic phase is 
dried over "NaS04, filtered off and evaporated, and purified 
chromatographlcally on silica gel (300 g) (0.052-0,20) using 
methylene chloride plus 5 % methanol as eluant: Ca]gO'= 
-198.3 (c = 1.0 in CHCI3). 

h) eProcess step 1v)] 

C(N-£-80C)-(0)Lys38-Cyclosporine (842 mg) is cooled to -20* 
with trifluoroacetic acid (25 ml) and stirred together for 
4 hours at -20*. The reaction solution Is mixed with ice, 
sat. K2CO3 (10 ml) and extracted 3x with methylene chloride 
(200 ml). The organic phase is dried over Na2S04, filtered 
and the solvent is evaporated. The obtained crude product is 
chromatographed on Sephadex LH20 (200 g) using methylene 
chloride plus 1 % methanol as eluant to yield the title 
compound C{D)Lys]8-Cyclosporine: Ca320 3 -204.3* (c » 1.0 in 
CHCI3). 



wo 86/02080 



PCT/EP85/00501 



. 48 - 



The product compound may also be converted into salt form in 
accordance with standard techniques. Typical salts include 
C(D)Lys]8.Cyclosporine hydrochloride: [a3gO = - 203 * (c « 1.0 in 
CHCI3), and C(D(Lys38-Cyclosporine trifluoroacetate: Ca]gO - 
. 203 • (c = 1.0 in CHCI3). 

EXAMPLE 2: Preparation of C(N^-hydroxysuccinyl)^(D)Lysl8, 
Cyclosporine: eProcess step iii)] 

255 mg of C(D)Lys38-Cyclosporine produced in accordance with 
example 1 are dissolved in 20 ml pyridine and 36 mg succinic 
anhydride are added. The obtained solution is stirred for ca. 14 
hrs. at room temperature and the pyridine fully evaporated under 
vacuum at max. 40*C. The obtained oily residue is chromato- 
graphed on 55 g Sephadex LH 20 employing methylene chloride + 2 < 
methanol and collected in 10 ml fractions. The pure title 
compound is obtained from fractions 15 through 23. 

NMR spectroscopy shows succinyl protons at 2.50 and 2.70 ppm 
(broad signals) and a signal for -CH2-NH-C0CH2CH2C00H at 3.25 
ppm. 

EXAMPLE 3: Preparation of C(0*hydroxysuccinyl)>Thr]2> 
Cyclosporine; [Process step iii)] 

6-05 g CThr]2.Cyclosporine is dissolved in 20 ml pyridine and 
3.66 g 4-di methyl ami no- pyridine and 1.5 g succinic anhydride are 
added at 75 * C. The reaction mixture is stirred for 4 hours at 
75 • C and then diluted with 500 ml CH2CI2, washed 5 x, each time 
with 50 ml 2N HCl, and Ix with 150 ml H2O. The organic phase is 
extracted, dried over Na2SQ4 and evaporated and purified 
chromatographically using 250 g silica gel (0.040 - 0.062 mm) 
with acetic acid as eluant. 
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EXAMPLE 4; Preparation of [(N^-succinimidooxysuccinyl )- 
(D)Lys38>Cyc1osporine: [Process step 1)] 

50 mg of C(N-£-hydroxysuccinyl)-(D)Lys38«Cyclosporine produced In 
accordance with example 2, 14 mg N-ethyl-N' -(dimethyl amino- 
propyl )-carbodiim1de HCl, 23.8 mg N-hydroxysuccinimide and 
24.6 mg triethyl amine are stirred for 2 hrs. at room temperature 
in 2 ml methylene chloride to yield a clear colourless solution. 
The obtained solution is diluted with 50 ml methylene chloride 
and 10 ml H2O and IN HCl is added dropwise until pH 6. A two 
phase mixture develops and this is shaken thoroughly between each 
addition of HCK The organic phase is finally shaken with 10 ml 
dilute NaHC03 solution and dried over Na2S04, filtered and the 
solvent evaporated off to yield the title compound. 

The NMR spectrum exhibits succinyl protons at 2.50 and 2.75 ppm 
(J = 5 cps) and N-succinimido protons at 2.18 and 2.19 ppm (25). 
The residue at the 8-position has the following structure: 



EXAMPLE 5: Preparation of [(0*succin1midooxysucc1nyl )-Thr]2- 
Cyclosporine; [Process step i)3 

54 mg triethyl amine, 98 mg N-hydroxysuccinimide and 102 mg 
N-ethyl-N'*(3-dimethylam1nopropyl)-carbod1im1de are added to a 
solution of 200 mg of [(O-hydroxysuccinyl )-Thr]2-Cyclosporine 
produced in accordance with example 3 in 10 ml methylene 
chloride, addition being effected at 20 *C with rigorous 
exclusion of moisture. The reaction mixture is stirred for 



(0) ^CH-(CH2)4-NH-C0-(CH2)2-C00N 
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6 hours at room temperature, diluted with 200 ml methylene 
chloride and shaken with 50 ml H2O. The aqueous phase in adjusted 
to pH 5 - 6 by drop-wise addition of IN HCl and shaken. The 
aqueous phase is extracted with 100 ml methylene chloride and the 
organic phases washed with O.IN NaHCOs, dried over Na2S04, 
filtered and evaporated. The residue is purified chromato- 
graphically using 110 g silica gel with ethylacetate as eluant to 
yield the title compound: Ca]§0 = - 178 ' (c = 1.0 in CHCI3). 
1h-NMR in CDCI3 shows succinimido protons at 2.80 as a singlet 
and succinyl protons at 2.60 ppm as a multiplet. The residue at 
the 2-position has the following structure: 

-CO. ^C0-CH2 

CH-CH(CH3)-0-CH2-CH2-C00N | 
-NH ^C0-CH2 

EXAMPLE 6: Preparation of [(N-(3-(2-pyridyl)dithio)propion- 
l-yl)-(D)Lys38-Cyclo$porine; [Process step ii)] 

35 mg succinyl-3-C (2-pyridyl )dithio]propionate are added to a 
solution of 126 mg C(0)Lys38-Cyclosporine in 10 ml methylene 
chloride at 20 *C and with rigorous exclusion of moisture. The 
reaction mixture is stirred for 6 hours at room temperature, 
diluted with 200 ml methylene chloride and shaken with 50 ml 
saturated NaHCOs. The aqueous phase is extracted with 150 ml 
methylene chloride, the organic phases washed with H2O, dried 
over Na2S04, filtered and evaporated. The amorphous residue is 
purified chromatographically using 100 g silica gel with 
methylene chloride/methanol (95 : 5) as eluant to yield the pure 
title compound: CajgO s . 155 • (c = 1.0 in CHCI3). 
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The residue at the 8-posit1on has the formula 

( D )^CH- ( CH2 ) 4-NH-C0-CH2-CH2-S-S^ \ 
-NH \==/ 

EXAMPLE 7: Preparation of immunogenic cyclosporin-carrier 
conjugates of the type defined under 2.1 above: 
[Process step vi)] 

7.1 Conjugate with Chicken y-^QIobulin 

10 mg of C{N-£-succinimidooxysuccinyl)-(D)Lys]8-Cyclosporine 
produced in accordance with the method of example 4 in 0.2 ml 
dimethyl formamide are added to 100 mg chicken y-globulin in 4 ml 
NaHCOs (1.5 % w/v, pH 8.1). The reaction mixture is stirred for 
ca. 2 hours at room temperature and the obtained conjugate 
purified by dialysis against phosphate buffered saline, 

7.2 Conjugate with Chicken Ovalbumin 

10.7 mg C(0-succin1midooxysuccinyl)-Thr32-cyclosporine produced 
in accordance with example 5 and additionally containing 10 % 
ditritrated material (1-2 yCi/mg - obtained analogously to 
example 5, but using tritrated CThr]2-Cyclosporine as starting 
material) in 100 iil dimethyl formamide are added with vigorous 
stirring to 30.45 mg chicken ovalbunin in 2 ml, 1.5 % NaHC03 
buffer (molar excess cylosporin/ovalbumin » 10.68). The reaction 
mixture is stirred for 2 hours at ambient temperature and the 
obtained conjugate purified by dialysis 3x against phosphate 
buffered saline for 18 hours at 4 * C. For the conjugate product 
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55.7 % of input radioactivity is found bound to ovalbumin. 
Indicating a binding ratio of 5,95 cyclosporin/ovalbumin. 

Covalent binding of cyclosporin to ovalbumin was evaluated by 
acetone precipitation of 3 conjugate aliquots • 39.5 % of radio- 
activity corresponding to non-covalently bound cyclosporin is 
determined in the acetonic supernatant, giving a final covalent 
coupling ratio of 3.6 cyclosporin/ovalbumin. The obtained 
conjugate was all quoted and kept at - 20 * C. 

Similar conjugates may be prepared analogously to examples 7.1 
and 7.2 above, but employing the product of example 6 as the 
cyclosporin starting material • 

EXAMPLE 8; preparation of immunogenic cyclosporin-carrier 

conjugates of the type defined under 2.4/2.6 above: 
eProcess step (x)3 

8.1 Conjugate with Guinea pig IgS 

Guinea pig Ig6 (30 mg) are dissolved in O.IM bicarbonate buffer 
(pH 9, 0.5 ml) and added to a solution of C(D)Lys]8*Cyclospor1ne 
(1 mg) prepared in accordance with the method of example 1, 1n 
the same buffer (0.5 ml) and a few drops of 1 56 acetic acid are 
added. Coupling is effected by subsequent addition of 2 portions 
of N-ethyl-N"-(3-d1methylara1nopropyl)carbodi1mide hydrochloride 
(each portion « 100 mg). The reaction product is prepared for 
Injection 24 hours later by multiple dialysis against water 
followed by lyophilisation. 
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8.2 Conjugate with Rabbit IgG 

C(D)Lys38-Cyclosporine (10 mg), prepared in accordance with the 
method of example 1, is dissolved in 0.1 ml of an ethanolic 
solution of 6.9 iig (= 0.1 mCi) tritiated C(0)Lys]8*Cyclosporine. 
0.1 ml pyridine and 0.1 rtl 35 % formaldehyde are added and the 
whole is held for 30 mins. at room temperature. 20 mg rabbit IgS 
in 0.02M phosphate- buffered saline (1 ml) and 0.3 ml pyridine are 
then added and the reaction allowed to stand for ca, 14 hrs. at 
room temperature. The obtained conjugate is dialysed against 30 % 
pyridine, 10 % pyridine and, finally, 0.005M phosphate*buffered 
saline. The coupling rate of the conjugate is 1:11.4. 

EXAMPLE 9: Production of hybridoma cell-lines, producing 

monoclonal antibodies reactive with Cyclosporine: 
[process step viii)] 

9.1 Employing the conjugate of example 7.1 

a) Immunisation 

Female Balb/c mice (20-25 g) each receive 100 yG of the immuno- 
genic conjugate product of example 7.1 in 0.2 ml complete Freund 
adjuvant, administered by i.p. injection. After 2 weeks a second 
booster injection comprising 50 yg of the product of example 7.1 
emulsified in 0.2 ml complete Freund adjuvant is administered, 
again by i.p. injection. The presence of antibodies reactive to 
Cyclosporine in the serum of treated mice is confirmed by regular 
RIA assay employing tritium labelled Cyclosporine as tracer. 
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b) Hybridoma Generation 

Mice obtained in step a) exhibiting maximum Cyclosporine reactive 
antibody titres receive a booster injection comprising 20 U9 of 
the product of example 3.2 in saline (0,85 % w/v) administered 
i.v.. The mice are sacrificed on the 4th, day, and spleen cells, 
isolated and fused with mouse (Balb/C) myeloma cells in accor- 
dance with the methods described by S. Fazekas et al,, J, 
Immunol. Methods, 35 , 1 • 21 (1980). 

Growing hybridomas are screened for production of antibody reac- 
tive to Cyclosporine by regular RIA assay technique employing 
tritium labelled Cyclosporine as tracer, and exhibiting low 
cross-reactivity with Cyclosporine 17, again using regular RIA 
assay technique with tritum labelled Cyclosporine as tracer and 
Cyclosporine 17, as competitive ligand. 

One selected hybridoma line is found to produce a monoclonal 
antibody reactive with Cyclosporine and having low cross- 
reactivity with Cyclosporine 17. The antibody is characterised as 
belonging to the class IgG, subclass IgGi- The obtained IC50 
value for reactivity with Cyclosporine in RIA is 6.7 ng/ml, 
compared with 280 ng/ml for Cyclosporine j7. Cross-reactivity 
with Cyclosporine 17^ is thus of the order of 2 5t only. Determined 
affinity constant with respect to Cyclosporine is of the order of 
10-9 mol /litre. 
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It will be appreciated that by application of the techniques of 
the present invention as generally taught herein, in particular 
the employment of cyclosporins having an activated coupling 
group, e.g. as hereinbefore defined under any one of 1,1 to 1.11, 
1.14 or 1.15 (formulae Ila, lib, lie or Ild) for the preparation 
of immunogenic conjugates, and proceeding e»g. analogously to the 
general methods of this example, hybridoma lines/monoclonal 
antibodies may readily be prepared which, though not identical 
with the specific product hybridoma line/monoclonal antibody of 
this example, will meet the same essential criteria, e.g. exhibit 
equivalent or even improved characteristics to those described 
above. This will be apparent from results evidenced in the 
following example. 
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9.2 Employing the conjugate of example 7,2 
a) Immunisation 

Mice (Balb/c) each receive 100 ^9 of the immunogenic conjugate 
product of example 7,2 in 200 phosphate buffered saline/Freund 
adjuvent (1 : !)• The first administration {complete Freund 
adjuvent) is effected s.c. in the hind foot pad, near the tail 
and near the neck. After three weeks, second and third admini- 
strations follow (incomplete Freund adjuvent) effected s.c. on 
the back and i.m, in the hind legs respectively. Blood samples 
are collected 1 week after both the 2nd and 3rd administrations. 

Mice are selected for further use on the basis of the following 
measured ant i sera criteria: 

1. litre in liquid phase RIA and in ELISA; 

2. Apparent isotype distribution (IgG^ only or IgGi+2a+2b 
ELISA); 

3. Relative avidity in ELISA; 

4. Capacity to discriminate between Cyclosporine and Cyclo- 
sporine j7 and Cyclosporine 18^ in competitive ELISA. 

Selected mice are given booster injections on days -3, -2 and -1 
prior to fusion using 100 yg of the Immunogenic conjugate product 
of example 7.2 in 200 ill, 9 % NaCl , by i.p. (50 %) and i.v. 
(50 %) Injection on day -3, and i.p. (100 %) on days -2 and -1. 
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b) Hybridoma generation 

2.5 X 10*7 or 5 X 10-7 spleen cells from each mouse are fused 
with 5 X 10-7 mouse (Balb/c) myeloma cells using PE6 4000 and 
distributed into 24 x 24 wells. 

Culture supernatants are screened in ELISA for the presence of 
antibodies recognising CThr]2-Cyclosporine coupled to bovine 
serum albumin (prepared analogously to example 7.2) and/or 
C(D)Lys]8-Cyclosporine coupled to bovine serum alburaine (prepared 
analogously to example 7.1) 1n preference to free bovine serum 
albumin as negative control • Selected IgG producing hybridoma 
lines are cloned to guarantee monoclonality. 

Ability of monoclonal antibodies produced by hybridoma lines 
obtained, to distinguish/discriminate between (a) Cyclosporine 
and (b) Cyclosporine 17 and Cyclosporine 18 is tested in a 
competition format of indirect ELISA as described by 
Quesniaux et al., Immunology Letters, 9^, 99 - 104, (1985), in a 
variety of buffer systems including: phosphate buffered saline at 
pH 7.5, with and without 0.03 * Tween 20; and Tris at pH 7.5, 
with 0.03 % Tween and without NaCl. Optimal conditions for 
discrimination are generally observed in phosphate buffered 
saline at pH 7.5, with 140roM NaCl and 0.03 % Tween 20. Of 9 clone 
lines examined 7 produce monoclonal antibodies discriminating 
between (a) Cyclosporine and (b) Cyclosporines 17^ and 18. For 6 
the IC50 ratio of Cyclosporine J7 compared to Cyclosporine is 
ca. 35x or greater. 
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EXAMPLE 10; Production of regular polyclonal antlsera 

reactive with Cyclosporine [Process step xi)3 

Sheep are Immunised by hind limb. Intramuscular injections lOx at 
intervals of approx. 14 days. The injections comprise a lyophyli- 
sate of the immunogenic protein conjugate product of example 8.1 
(3 mg), Alugel S (0.2 ml) and Freund adjuvant (0.6 ml). The final 
titre obtained against tritiated Cyclosporine is 1/100,000 as 
measured by RIA. 

Polyclonal antisera recovered are found to exhibit improved 
discrimination between Cyclosporine and its metabolite Cyclo- 
sporine 17, as compared with polyclonal antisera obtained using 
CThr]2«Cyclosporine-IgG conjugates known 1n the art, e.g. as 
employed in current Cyclosporine RIA assay kits. Thus for 
antisera obtained in accordance with the present example, cross- 
reactivity with Cyclosporine 17 is of the order of ca. 18 % as 
compared with ca. 42.0 % for known polyclonal antisera. 

EXAMPLE 11: Preparation of labelled derivatives of cyclosporins 
as defined under 5.1 above; [Process step ix)] 

11.1; preparation of CN> -TRITC-(D)Lys]8-Cyclosporine 

C(D)Lys]8.Cyclosporine (15 mg) produced in accordance with 
exanple 1 are dissolved in methylene chloride (2 ml), Rhodamine 
isothiocyanate (TRITC) (5.3 mg) is added and the reaction mixture 
allowed to stand at -7*C for 17 hours. The intensively-red- 
coloured solution is directly chromatographed on Sephadex LH20 
(20 g) with methylene chloride and 0.5 % methanol. Fractions are 
collected in 10 ml portions. 
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The title compound is. recovered as an oil from fractions 5 to 7 
and 10 to 14: UV absorption: 300 nm/f luorescence emission: 
540 nm. The residue at the S-position has the structure: 




11.2: Preparation of CN'%g-Dansyl*(D)Lys]a-Cyclosporine 

C{D)Lys38,Cyclospor1ne (232 mg) produced in accordance with 
example 1 is dissolved in chloroform (15 ml). Ethyl diisopropyl- 
amine (7.3 mg) and dansyl chloride (99.5 mg) are added and the 
reaction mixture is stirred for 2 hours. The product is chromato- 
graphed directly on Sephadex LH20 (100 g) with methylene, chloride 
and 0.5 % methanol. Fractions are collected in 10 ml portions. 

The collected fraictions are evaporated and the resulting product 
re-chromatographed using silica gel (0.06 • 0.20 mm) (100 g) with 
methylene chloride and 5 % methanol. Fractions are collected in 
15 ml portions. 
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Fractions 28-44 yield pure product: Ca]20 = -183.8*, c = 1.08 in 
CHC13. 

11.3: Preparation of 125iodinated Derivative of [(D)Lys]8- 
CycTosporine 

Title compound is prepared analogously to the methods described 
by Bolton and Hunter [Biochem. G. 133_, 529 (1973)] by attachment 
of a p-OH-phenylp^'opidnyl residue to the N-£-atom of the residue 
at the 8-pos1tion of C(D)Lys38-,Cyclosporine prepared in 
accordance with example 1, The 125i label is carried in the 
phenyl ring of the p-OH-phenylpropiohyl residue 



a linear gradient and using 10 - 30 * n-propanol/0.2 % trifluoro- 
acetic acid in S % acetic acid/0.2 % trif luoroacetic acid as 
liquid phase. 



co- 




Purification is effected by HPLC on a 4x 250 column of RP18 with 
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CLAIMS; 



1. A monoclonal antibody capable of distinguishing between a 
cyclosporin and a metabolite thereof, 

2. A hybridoma cell line producing a monoclonal antibody 
according to claim 1. 

3. A cyclosporin 

a] having an a*amino acid residue bearing an activated 
coupling group; 

b} having an amino substituted (D)a*amino acid residue at 
the 8-position the amino substituent being in free or 
protected form; or 

c) having an acyl amino substituted (D)a-affllno acid residue 
at the 8-position, wherein the acylamino substituent is 
substituted in the acyl moiety thereof by a free carboxy 
group. 

4. An immunogenic conjugate comprising a carrier coupled to a 
cyclosporin by the agency of an activated coupling group » 
e.g. an immunogenic conjugate comprising a carrier coupled 
to a cyclosporin according to claim 3 part a). 

5. An imnunogenic conjugate capable of use in the production of 
a monoclonal antibody according to claim 1. 

6. An immunogenic conjugate comprising a carrier coupled to a 
cyclosporin via the a-araino acid residue at position 5*, 6-t 
7- or 8- of said cyclosporin. 
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7. Antibody reactive with a cyclosporin, including polyclonal 
antiserum reactive with a cyclosporin, generated 1n response 
to an immunogenic conjugate according to claim 6« 

8. A labelled derivative of a cyclosporin wherein the residue 
at the 8-position is -(D)Lys-, 

9. An Immunoassay kit or system for cyclosporin assay 
comprising 

A) antibody or antiserun according to claim 6; or 

8) a labelled derivative of a cyclosporin according to 
claim 10 

as kit or system component. 

10. Each and every novel process, method, product, manner of 
manufacture or other feature hereinbefore described or any 
combination thereof. 
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